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Investigation ot ground-water supply for Haval Powder Factory, 

Indian Head. M~Jland /. 

In troduc tio..!!. 

This investigation of'the ground-wator supply that 1s available tor 

posa1ble development on tho Uaval FoWder Factory Reservation at Indian Head, 

Maryland. W(iS mde by the Geological Survey in response to a request, dated 

January 4, 193B, from. the Secretary ot the :Navy addressed to the Secrotary 

ot the Interior. This more intens1ve invast1gntion was an outgrowth ot the 

reccmnendations resulting trom a pre11m1n8%7 study of the ground-water 

supply at Ind1ft..ll Head that was mede during the 8UJmlel" of 1957. The results 
1/ 

of the prel1m1Mry study Are given in a report7 thet vms transmitted to the 

Bureau of Ordnance, Navy Depnrtment, in October 1937. 

The Unvfll Powder Factory reservation is Situated on the east bank ot 

the Potomac River in Charles County, Md., just north of the mouth ot 

Mattawoman Creek. The reservation adjoins the village of Indian Heed r.nd 1s 

approxil'1etaly 22 mllessouth1J8ot of Washington, D. C. 

Groundwater is especially desirable ns a source of water supply for the 

manufacturing operations conducted at the :Uaval Powder .Factory because of ita 

superior chemical quall ty in comperlson with water from the Potomac Rivar and 

MattaWOmBll Creek, which bound the governr.lent reservation on tho woat and enst 

sides respectively. '!he presont wnter supply for the m.enufaoture of powder 

1B obta1ned :tl"om eight wells s1 tuated on tho government reservation in the 

vicini ty of pumphouso r~. 1. There 1 B also 8 stend-by Bystem conSisting or 
I. 

!I Fiedler, A. G. t Cedy, R. e., and MeinZer, O. E., Tho wster supply availa
ble to wellD on the government reservation at Indian Heed, Md •• OCt. 1937. 

1. 



2. 

five wells 81 tuetOO. in the v1cini ty ot pumphou.se No.2, which 1s about halt a 

mUe northeast of pumphouse 110. 1. The we1l8 also :f'Urnlsh water tor dOll".estic 

use tor the personnel quertered on the reservation and the people lIVing in 

the adjoining village ot Indian Head. (See tigure 1). 

The investigation was conducted under the general 8Upervi~lon ot Oscar E. 

Meinzer, geologist in charge ot the Division ot Ground Water, Geological 

Survey. A. G. Fiedler wns in l.'!lCWdinte charge of the work fll1d was aSSisted 1n 

the field by D. J'. Cederstrom and Roy C. Meinzer. The geologiC studies COll-

ducted in the 1ntake 8ret.\ ot the formations tapped by wells at the Naval Powder 

Factory and the survey of the water supply tacil1 ties at nearby government 

reservations in Virginia nnd Maryland were made by Mr. Cederstrom. He aSsisted 

also 1n the collection of well observation data during tho pumping tests con
assisted at tL'Ues by 

ducted on well No.ll. Roy C. Meinzer,li,. F. Burris and George o. Polley,col-

lected the date. on the :pumping tests run on the wells at pumphouse No.1. 

The extensive canputattons based on the voluminous records collected during 

the course of the pumping tests and the mathematical analysis ot tl:u! records 

were made by C. E. J'acob, who devoted more than four monthS to this phase of 

the work. The report was reviewed by Beveral Dl6tnbers of the Division o~ 

Ground Water, ot the Geological Survey, and aclolOwledgnents era due to A. t~. 

Sayre, ;). c. ThCltllp3Ol1, and L. K. Vlenzel tor constructive cr1 t1cisro and nssis-

tanee in the interpretation 01' 80::-;& of the base data. Especial acknowlede;nents 

oro due C. V. 'l'hf)ls, of the Geological ~oy, tor devising the method ot 

pwn:ping flmlys 1s involving the use of an image well to determine the theoretical 

effect ot pumping at various rates and the theoretical quant1 ty ot water that 

could be pumped tor various periods from wells at Indian Hoad. 



Throughout ~h6 course of th9 present Invostigation the of ricers and 

civUlon personnel connected w1 th the Naval Powder Factory' extended cord1al 

cooperation, and the necessary pumping tests o~ existing wells were accord-

1ngly greatly tecll1 tated. Especial ,e.ckno"ledgnents ere due to Capt. P. B. 

Haines, Com:nal'ldor A. D. Meyer, end Lieut. Conmander C. T. Tyler. Mr. C. 

Lancaster, Supt of the Engineering Depertment. W68 particularly helptul in 

arranging ~or the installation and operation ot water-stage recorders on 

representative wella and 1n maintaining the well pumps in operation at d1tter-

ent rates in order ~}'I..at essantial observations on tho ef'tect of pumping could 

be made. 

PuJ::pose ot Investigation 

The purpose ot the investigation l'I&S to determine ll'.ore a.ccurately than 

'MUl possible during the preliminary studies at 1937, the quantlt~l of water 

that could be developed :tram wells at Indian Bead, W1thout exhaustIng the 

supply. Specifically, the problem initially was to determine whether 08 

much o.s 12,000,000 gsllOl18 of water e day could b4i developed fran wells. 

The prel1m1nery studies tnr.de in 1937 indicated that such e. development would 

be impracticable. Bo1'fever, the data collected during 'the preliminary 1nvoo-

tigation were only gener-dl in nature. Acc<)rdingly, more oxtons1ve testing ot 

the wells and further study or +..he prt)blem. were recomnended in the prelim1nal'"J 

report. 

During the prel1."Uinery study in 1937 only such observations and teats 

were made a8 could be oonducted wi 1;hout changing the opera't1ng procedure that 

was regularly followed at pumping plant No.1. lAlr:lng the present lnvt'!st1ga-

tion. however, a detin1 tely planned sohedule at pw!I.ping operations was con-

ducted 80 that the ettect ot different rates of pumping could be observed 

and evallUlted. 

, . 
. :"'-~ <t· l .. , 



4. 
Geology 

'l'he geology or tho region in the vicini ty ot Indian. Head 18 briefly des-
.J 

cribed In tho prelbiD.8rY' report 8S follows: 

-' Fiedler. A. G. t Cody, R. C. , and ~etnzer, O. E., OPe clt. pp. 2 & 3. 

"Indian Feed end the area Stlrround1ng 1 t are underlain chieflY by al ternat-

.J 
lng beda of poorly consolIdated clay, ail t, and sand. These beds rest upon an 

.J For n detailed description of the character of the poorly consolidated beds 
overly1ng the crystalline basement rock sea U. S. Geological &'urv01 Follos 152 

and 182. 3ee also Clark, Vi. B., Mathews, E. B., and 'Berry, :f:~. W., The Surf'aca 

and tinderground:!atcr Resources of !.!aryland, including Delaware and the District 

of' ColUt!lbla: Md. Goo1.. SUrV'ey Spec. Pub., vol. X, pt. 11, 1918. 

eroded ncar ot crystalline rock that slopes toward the eaut or southeast. * * 
The oldest of the fOl'l'.ll£itiona into which those poorly consolidated 

materIals have bean classified 18 the Patuxent. ~biB formatIon consists 

chieflY' of buf't end light-colored sands' and preciom1netely lIght-colored clays 

and sandy clays. I t appears to eonati tu to the 4,40 teet of material encountered 

between depths of about 300 teet to 740 teet in wall 15, as shown in Flg. 2 

(in this report) supplied by the Bureau of Ordnance. The ovnrlying 35 fest of 

material, consisting largely of dark.: b~vm clay. may belong 81 ther to the 

Patuxent fome.tlon below. or 'the Patap$tlO te>rraation abovo. Abovo thia clay 

thoro 1s about 225 teet of material consisting chiefly of' h11l')1ly colored and 

vnr1ep;;~ted clay Which probably belongs to tho Patapsco formation. The upparraost 

50 feet of Material. composed chiafiy of' dnI'k gre:y cle¥. und dark green sand 

belongs in tho Aquia t'ormai;1on. The Patuxent and Patapsco tormations are lower 

Cretaceous in age; tho Ac;:u1a fOr.!\ation is lower m:>cene". 

Tho distinction between the Patuxent formation and the hltapSC{) ;f'ormation 

is not clearly' drawn in some areas outside ot Indian Heed; hence these torma-

tiona w111 be desIgnated in this report 88 the beds comprising the I'otomao group. 

/ 



Figure 3 is a geologic map at pe.rts ot Maryland end Virginia, showing the 

eree of' outcrop ot the f'om.ations underlying the Govornment reaervntton ot Indian 

Head, !~land. and the location at wells. The unconsolidated svnds and CloyD 

c<Jnpr1aing the l'otan.ac group crop out in a strip, ap-,")roxL."'lataly four to six milos 

wide, l),,)rdor1.ng the Potomac H1ver on the west. (See figure 3) • .An excellent 

v1ew of the beds ot the Potanac group w.oy be seen in rood cuts along U. s. 

H1f11'WflY 1 between Fort Belvoir (tomerly CflmP Humphreys) and Triangle. The'j are 

sean to consist ot arkosic (t'eldspath1c) sands and cloys_ The beds are generally 

lenticular, nnd t.~ey thIcken, thin or pinch out 1n relatively short distances. 

The snndsere characteristically cross-bedded.. Some of iilem are quito pel"Jlooble. 

others contain more ';)r 1009 911 t or clay. . In some plnces the clay 1s 80 abundant 

tha t the p<m:t8ab1l1 ty ot the 8&nd 18 greatly reduced. 

The lack 01' regular1 ty in the bedding at the Potomac group 1s also shown 

by 0. study ot the well logs in a~H8 where 1 t i8 penetrated. 

Tflble 1 shows the al t1 tude of 't,'lS bo ttaJ1 ot thick beds of send in the 

wells at Pumphouse No.1 at IndiAn Head. ThflS8 wells f!r9 located wi thin a radiUS 

of about 300 teet ot Pumphouse 1m. 1. It is seen that .so:'lO sanda m.nintH1n .£i 

nearly constant £11 t1 tude in several wells while in other walla sunde occur at 

h1gher or lmler a1 t1 tudes even w 1 thin tht, smull area incl udad by the wolls. 

A s1!:11lar tabulation on tho wells a.t the MarIne Bese at :"»'nntico, V.a .• , 

Where the wells are :::!()re wld!~ly spaced shows a granter irregularity. (See 

ptlge '?). 

The c18Y bads of the :~otomac group are a).1Ilost ao irregular as the sanda. 

Henca, although no indiv1dual bod of sand extends for any grant distance, the 

ground '1m tar migrates t'r<Xl1 one sand bed to e.no thor w1 th canpara. ti va esse. 

! 



Table 1.-

Depth 

Depth at well. (in t .. ,,). and altitudes or ~ and 

bott. ot _11e. and ot thick bedo of modium 

or ooara. BaD4a ellOOUD'.ncl 1D ... 111 (1n t •• " 

alloY. 01' below a.a 1..,01) at lndlu Beed. Ud.. 

Govel'mlNnt wella at Indian litad. Ud. 

6. 

419 388 390 
• I ( • r 1 I ,. 

Al .. Utuda ot 

120C 

wrt&Cll ,+-38.3 tZS.9 1"-'2.8 -r-36.11"~.O +33.8 +26.6 -r32.1 -t-3; 

Al t!.tuM of 
bottom of well :-360 -380 -352 -361 -359 -360 -362 -3S8 

Altitude of 
bottom of beds , 
ot sand 

"';""', ,.-.-. 



7. 

Tabla 1 ( con tinued) 

"_113 at Iarlne nas •• at. ~tlco, Va. 

Np. 1 Ug, ., I'fo. =5 No. 4, test no, 1 Tnt Ho • 2 e_ 

Depth in 
t •• t • 356 300 581 391 350 

Altitude ot 
surface 1 -f8 -f 28 t8 1"8 -t 45 -t 27 

AltUude ot 
bottom of' 

well I -350 ... :332 ... 34.'7 -575 -'346 ...:323 

Altitude or 
'bottom 01 

beds of sand: ... ... -32 -as 
-45 ... ... 

-40 -60 

-'72 -85 -82 -94 -lOS 

.. ... - -162 -
- .. -185 .- -178 -183 

- ... -008 - ... -213 

.287 -222 -230 ... 

-287 -377 ... .213 

-527 -328 .. 503 

-347 

-37' 



8. 

The dip or the Potomac stl"e.ta i9 d1f'f1cult to determine. Eerller inVesti-

gators concluded that the dip was to the southeast at 8 rate o~ about 60 teet 

to the mUe. later inTeotlgatlons 1ndlcate that the d1p 1s considerably leos 
J 

and rDlJ.y be not more than 30 teet to the mUe. 

-' 1l:r. N. fI. Darton stated to D. 1. Ced:erstrom on Novo.mber lu, 1938, that he 

believed 60 teet :per mile to be much too high. 

Immediately lIest ()£ the bolt ot Cl'&taoeouu strata 1s an area or granitic 

rocks (which 1ncludes soma areas of slate), frequently celled the crystalline 

oomplex or the basement rock. '!'he line ot CQltact ot tho soft Cretaceous 

strata .. Uh tll&H hard rocks 1£1 called the Fell l.ine, or more properly, the 

Fall Zone. :East ot the Fall Zone the aurtace ot 'the baaement rock slope. 

toward the 8Outh~sat. (See figure 48.). 'l'he rock su...-tace is irrogular and 

1 ta slope 'V!U"1es greatly from place to place. ThuS at the Quantico Marine 

Base bedr-")ck l10a troo! 330 to zoe teet below ha level on either side or the 

railroad tracks :fran the aviation field to ,Jl,ant1co Creek. Test well 2. ot 

The slope ot the bedrock was calculated to be 25 feet per mile betwoen thiS 

'Well and well 1, at the Mmne Base •. liell 4, Which 1s nearest the Potomac 

River, but only about 1/4 mile troo1 well 1, was drilled to a depth ot 540 

teet below soa level w1 thout encountering bedrock. 

OOy one well at Indian Hoed hNi been drilled to the bedrock. This 1s 

well 15, which 1s about 9 miles down dip tram. the outcrop ot the basement rock. 

It encountered the basement rock at 740 teet below the surtace. The difference 

in el8T8Uon between the well ai to and the outcrop 1s about 260 feet and the 

8TOragO slope ot the bedrock ls therotore about 100 t~et to the mile. It 1s 

concluded trtn the logs of wells at ~tlco that the descent is not uniform. 

_. -;'IJ~ .... ~~ •. 



The 8U1"tace at the baaement rock, where It 1s exposed west ot the Fall Zone 

(see pl. 4b), 1s covered in most plaoes by 8 r:amtle ot s01l. The rock Is 

here tractured and broken 8lld _ ter OCCUl"B in the crackS ot the rock, but the 

fraotures beoome lees numerous 1f1 th depth. The rocka conta1D fewer fractures 

benea th t~. cover ot the Potomac group • 

.Along the Fell Zone both the basement rock and the Potomac group are OTer-

lain in most places by ter.rtlee deposi ts which are tlat-lnng beds ot sand end 

gra'Vel as much an 30. t(Jst thick (see t'1gure 4b). These deposita are notably 

pemeable. However, they' haTe been somewhat dissected by strecrn erosion. and 

ere thus kept more or less ara.1ned ot their ground "ater. 

Chcracter ot water-beering bcde in intake area 

in relation to recharge. 

The reoherge ot tho water-bearing beds tapped by the wallo at Indian He8d 

occurs largely on the au torop area ot these beds. Some of 'tlo water that f'alls 

as rain or snow percoletes into the perr.;.eabla S8:'As, m1.gratas down the dip of 

the stra"ta and becomes aT8ilable to progresslTely deeper wells to :the southeast. 

The hIghly' permeable terrace deposits a180 absorb considerable amounts ot the 

precipi tat10n and, where they overlie pemeable sands in ·the llotctna.c grouP. they 

trananlt 8011S of the water slowly into these sands. Some water ti'£J.y reach these 

sands by percolating downward through ere.oks in the basement rock ana thence 

m,lg:r:oat1ng laterally, but it 1s beliavod that the contribution :f"rom this source 

18 small. 

Some recharge ot the wa ter-bearl116 sanda o~ the Potomac group may oc cur 

tram the Potomac RiTer and 1 t8 trlbu tartes where these stream chnnnels cross 
~ 

the outcrop areas of the ssnda, proViding the water level in the sands 1s low 

enough to pem1t recharge. It ia probable that such recherge, it it e::tists, 

'ftIriea gZ'eoUy tr<m time to time. Under normal conAl tiona o~ stream flow the 
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stream bed 18 uaually blanketed by a layer of mud or ail t which, bec.auso ot ita 

rel.t1t1v!11ow perm.ee.b1l1t;y, hinders or perhaps prevents much movement o~ water 

through 1 t. aowe:V,&r. during and immediately attar periods ot high water, when 

the veloc1 ty ot the strea."'n8 1s sut.rlc1ent to seour out the channels and expoae 

the water-bearing saM8 directly to the surface water, there may be considerable 

recharge tram the atreema. 

During V8r1 low water stages, tho water of the Potomac and 1ts estuer1ne 

'tributaries, such as Occoquan Creek. Dlay become :rairly highly mineral1zed as 

d1acussed on pp. 46-5. b'uch condi tiona exist only during a anall part ot the 

t:llne. 8lld it it were supposed that this water had tree access to the sanda, 

tb,e proportion of minera11zed water entering the sanda would probably bo Sl:18l1 

compared wlth the fresh water entering them and would :probably not seriously 

oonteminet& the water-beer1ng sands. However, as pointed out previously, the 

recherge 1'rom streams 4ur1ng low water s~s 1s lfr..ely to be greatly impaired 

by a blanket of mud or 811 tt end the rate during such perIods would probably 

be much less then tho average rate, or perhaps the blanket of mud and silt 1s so 

ettoctlve thnt there 10 essentially no recharge during periods when the stream 

water 1s M{l";hly mineralized. 

DeScription of wells and pumpage at Indian Head prior to 1938. 

Tho 1IJ8ter supply at Indian Head is derived from a group or eight walls 

(Noe. 1, 2, 4-9) in the Vicini ty ot Pumphouse lio. 1 81 tuated in locatIon 

blOCk P .31, as shown in figure 1. For convenience these wells are doslgnn ted 

as wel18 ot grwp I. They range in depth from 300 to 419 teet (see table 1). 

\'iell. 1, 5-9 are equipped with deep well turbine ptlnpS operated by direct 

connected motors and the rema.Ining Well, ore pumped with R1r 11ft pumps. 
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I:eta11ed In1'ol'!ilut1on regarding tlle wells 1s not available. The following 
}j 

descript10n o't them is quoted trom the prol1:n1nBl""',{ report: "Accord1ng to 

J Op. ctt., pp. , Q -I:t , 

lncanplete date tu.rnlahed by the Bureau ot Ordnance, the wells were apparently 
drIlled by the eable-tool percussion method and are 8 inches 1n dll:1L"letor at the 
bottorn.. The records on Wella 1. 2, 4-9 indicate that screens are set at 01 thor 
three or foUl' levol0. Pro8U!llB.bly pertorated pipe or aoreena made around a per
'torated pipe base hOTe been used in the upper water-bearing zonas, Whereas the 
lowest water-bol'.rill6 zone tapped by eaoh well 1s apparently finlshed wl th e. 
slotted Cook well screen. The al t1 tude ot the top and bottom of the screened 
portIons ot the wella 1s shown in the following table (table 2 at this report) 
,. '" " ." 

Table 2. 

Well 
l~. 6 

'f'1"tta1 
!gth 

ot 

• 
• 
• 

• 

• 
• 

screen 41 

Teble showing al. t1 tude below sea level of t.'le top and 

bottom ot the screened portlons ot wells at Indian Ueed. 

'1 5 8. 1 4 2 

• • • • • • 
• • • 17'7-189 • 180-199 
• • 187-195 • • • 
• • • • • • 

216-226 22'1-238 226-237 • 231-242 • 
• • • • • • 

269-278 2'17-289 2'14-285 • 2'18-289 266-306 

• • • 302-316 • • 
• • • • 351-34'1 • 

338-360 338-348 336-358 343-359 351-360 342-363 

41 52 42 47 80 

9 

153-163 
• 
• 

203-213 
• 

252-252 

• 
• 

323-344 

• 

51 

Note: The wells are arranged in the general ordor ()f.' 'their position in relation to 
the dip of the beds, beginning wi th the well tart.loteat up the dip and following 
in order With the wells down the dip. 

"A sto.dy ot the table indicates that the m.nin water-boe.r1ng beds that are 
Bcreened fire rather persistent in Wells 6, '1, 5, 8 and 4. In Well 1 only the 
lowest zone appears to be at e. depth consistent wi tb the corresponding zones in 
:rive other wells and the uppel'mOat zone that 18 screened nppears conaistent with 
the uppe~ost zone in TIell 2. The zones that are 8creened in ~":e11 9 do not ap
poor at depths that are at all comparable Wi th t.~OB8 in the other Vlells, except , 
tor the lowest zone which is more or less comparable to the next to the lowest 
zone in Well 4." 
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A stand-by well systau consisting of tive wells (Nos. 10-14) 1s connected 

to a cent~ pumphouso designated. 08 Pumphouae No.2 (see f1g. 1). Those wol1s 

ere s1 tuated in 1ocetion block: 535, about hal.!' 8 mile northoost of Putqhouse 

NO e 1. !'our ot these wells are in serviceable condItion for pumping bY' air but 

well 14 cannot be pumped because the pipe line connecting 1 t to the pumphouae 

has been partly destroyed. Ito detailed infor...s tion regarding the construction 

ot wells 10-14 Is available. 
!I 

According to testa made by the Bureau ot Orlnance in 1933, summary or 

--1 Op. cit. p. 13. 

which 1s given in table 3, the respective wol1u ranged in yield from 86 to 304 

gallons a minute under drfrrIdo'Wns of' 13 to 71 teet. The emct conditions under 

which these tosta were made are not known but because of the wide variation in 

drawdown and yield, It appears likely' that the 710ld ot some of" the wells wns 

affected by the pumping of other wells in the same group. 

The wells in the VicInity ot Pumphouae no. 1 ere relatively close to one 

another and the static water leTe1 tor all the wells in this group should be 

essentially the same. The meeaured static water level du.r1.ng the 1933 tests, 

howevor, ranged f'l"OBl 70 to 102 teet belOW sen lovel tor tho wsllain the 

ViCini ty of punphouae No.1. A similar 01 tufltion existed at the wells in the 

vicini ty ot PuD.phouse No.2, where thi!! measured static water level ranged from 

35 to 54 teet bel,,.. sen level tor tho respective wells. 

Records of pu.~lng for the early years of the operation of the f'actory 

en not ava1lable, but the pumpage in d1fferent periods has been est1m.ated. 

partly on the basiS ot the capac1 ty ot the wella tnatalled 1n 88M period. 

During the period!' 189g to 1910, inclusive, the pumpage probably avarnged between 

200,000 and 300,000 gallons n day. In 1910 two additional wells (Nos. 4 and 5) 

were installed, each ot 'llh1ch had an estimated capao! ty of about 200,000 gallons 

a da7. 
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Tnble 3. -- SUmmar,y of pumping tests conducted in 

1933 ot wells at the l~val Powder Factor.1. 

Indian Head. Uaryland. 

atA~1c YA1~[ l~xll i:um;g1n.i: liXil Depth Specific Yea, 
Well below below below below Drawdown Yield of air Capacity drl11c 

No. surf'ace sea surface sea (teet) G.P .M. line !I 
(feet) level (toet) level (feet) 

- (teet) (reet) 

1 102 'T.5 1'73 144 '71 150 305 2.1 1899 

2 97 70 129 102 32 1M 319 4.2 1902 

" 118 M 167 133 49 143 287.5 2.9 1910 

5 116 13 155 112 39 124 370.1 3.2 191C 

6 130 92 199 160 69 248 361.9 3.6 191E 

7 134 95 196 157 62 154 375_5 2.5 19lE 

6 127 91 173 137 46 212 !33S.6 4.6 191E 

9 134 102 150 116 16 126 363.8 7.9 19lE 

10 e8 54 61 67 13 86 ~7.4 6.6 191[ 

11 68 51 81 64 13 132 10.2 191i 

12 75 57 127 lOS ~2 242 4.7 191; 

13 70 :;s 132 97 62 :304 4.9 191, 

11 Yield. in gallons a minute, for each foot of dra~down. 
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During the plJriod 1911 to 191iJ, inclusive, tho pumpago ;;robnbly averagod between 

400,000 and 500,000 gellor..s a day. In 1915 four additional wells (nos. e, '7, 8, 

9) were drilled in the Vicinity or Pumphouse No.1. LUring the period 1916 to 

1920, inclusive. the pumpnge probably increased materially, especially after the 

canp1etion ot the addt tiona to the powder tactor'/ in 1918. The pumpage during 

this period probably averagod between 800,000 and goo,OOO gallons a day. Since 

1921 detailed recorda of pumpaga have been kept. LUring t,'le pl9?1od 1921 to 1938 

the pmnpage has averaged between 500,000 and 800,000 gallons 8 day • 

. The graph in tigure 5 shows the average daily pumpage by months and years 

"or tho period January 1921 to November 1938. Dur~ this period the highest 
.921 when it avera ed 1 110 000 110ns 8 da and the second hi est occurred in 
pumpaga occurred in 923, whlJn it averaged 986,000 gallons a day. The hi~ost 

monthly pumpage occurred in July 1921, in which month the average was 1,298,000 

gallons a day. :Pumpaga axcsooing a de.lly average ot more then one million gallons 

elso occurred in 8 months in 1923, 1 illOnth in 1929 and 2 :nonths in 1930. DurL"lg 

the period 1921 to 19~;a. tho lowest pUI!1page occurred 1.."1 1933. during which yee:r 

the average was only 431,000 gallons a day. The lowest ll'lr.)nthly purupaga was in 

Febt"J.nry' 1933, when the ew:rage was only' 3'70,000 gallons a day. 

Walls and pumpage at nearby Government establlah.'llents. 

A survey was made in the SUlllIo.er of 1938 of the wells in the general area in 

which Indian Head is located, especially to determine whether these wells are 

affected by the pumping at Indian. Head or whetb.er the pumping from. them affects 

the water supply at Indian Head. Nearly all wells in the general area were 

visited from which considerable quantities of water are pumped. Nearly all theso 

wel1a are situated on Government reservations. 

Fort Washington, Md.--The water supply tor the Government reservation at 

Fort Washington 1s derived !"rom t'1ve wells that are 131 tuated near the bank of the 

Potomac River. Three of these wells are 6 inches in dimneter and 260 teet deep, 
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one 18 8 inches in diameter and 263 feet doep, and one 1s 8 inchos in dlaneter 

and 280 feet deep. In the lowost well of' the group the static wntor leval on 

July 6, 19:313 was 21 teet bdlow the surface, or about 10 fe·at below sos level. 

The 20o-foot well, which was constructed in 1930, is reported to have yielded. 

137 gallons a minute With a drnwdo'Wll of 78 feet. Tho purn.pnge from \"Iells io 

reported to have averaged vbout 117,OGC gallons a day in 19;36, and about 120,000 

gallons a dey in 1938. 

Fort f1unt, Va.-The C. C. C. camp at .Fort Bunt derives its vroter 8u.pp1y :from 

an B-inch well which is :reported w be 290 feet deep. The well yields about 34 

gallons n minu~ when pumped. The punllJage e.verages sbout 20,000 gallons a day, 

the m1ninum. being about 15,000 gallons and the !nRx1mum about 45,000 gallons. 

Mt. VernO~t :Va. •• --There aN three wells at Mt. Vernl)n. One well is at the 

lU:."lCh roam, near the entrance to the grounds on which the home of George Washington 

is 81 tu.a.tee. It is reported to yield 80 gallons a minute, but to be used for 

only a small part of its capacity. 

The second well is at the tire house, at an 01 ti tude of about 55 feat abova 

sea level. The water leval in this well is about 63 reet below the top of the 

casing. Th1s well 113 now used only as an auxilinry supply. 

The 1'OO.in supply at ZJ.t. Vernon 1s obtained fr'X'l the thL.-d well, Which is 

situated on the bank ot t..l>J.e Potomac niver and 1s 525 teet deep. Or1ginally 

this well t'lowed at a ST:l611 rate, but pumping during recent years has drawn 

down the static water level to about 20 feet beloW Boa level. Accorliing to the 

engineer in charge, the well 1s pumpod at en avero.ge rate of about 10,000 

ga110llB 8. dey. 

! 
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Fort Belvoir, Va.--At Fort Belvoir (formerly Fort EUmphreysj surface 

water 18 used almo8t exclusively. A gravol-packed well, 279 teet deep, 1s 10-

cated at Accotlnk. near the water-treat:nent plant, at en altitude of 24 teet 

ebove sea level. This well 18 e:vnllable as ~ emergency supply. Its static 

level 1s 8 teet below the surface, or about 16 teet above 888 level. ACCording 

to the engineer in charge, the well yielded 250 gallons a minute during 10 days 

ot continuous pmping, w1 th 8 dmwdown ot 62 teet. Most of 1 ts supply appears 

to be derived fran the bouldery nmterlal lying on tho bedrock surface. 

Quentico, Vn.--Two wells on tho l:cr1ne Corp> Re&el"Vation at '.;.ue.n.t1co ere 
J 

descr1buu in a report by l'~. H. Darton. t.lu.tt was publish&d in 1898. One of' 

.J Darton. N. H., Artes1~,.n well pro8pecta in the Atlantic Coastal PlaIn region, 
Geol. Survey. Bull. 138, 1>P. 151, 100, 1896. 

these wel10 was 210 tS$t deep and ov.ertlowed et an altitude of several toet 

sbove se8 level. The other well waa 350 teet deep and yielded 4 to 5 gallons 

e minute by arteSian flow. Add 1 'tiona! wel13 have been drilled at different 

ti;.:;'8S on the reservation. but 11 ttle tnfomatlon 1s available regarding therl'1. 

Four wells of e. group of Six drilled in 191'1, 1'101"'0 l60 r 184, 225, and 587 foot 

in depth, reepeetiV9ly. FIve of these sU: wells, together With those drUled 

prior to 1n17, havo been abandoned. 

In 1930 8 numbor of test wells were drilled on the reservatIon, and aub-

sequently four gravel-packed wells were constructed. These tour wells arc 8 

inches in dirunetar at the bottom and now supply the "eter requ1red on the 

reservation. They ere finished with two or more soreens each. 
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The to11owing table giTes pertinent intol'!':lStioIl about the wells. 

Wells at Marine Corps Reservat1on, Quantico. Va. 

Depth YIeld. Ylc1dY Y101cY 
\"rell (feet) March 1933 ?:ay 1933 Oct. 1935 

(g. p. m.) (g. p.m.) (g. op. m.) 

No. 1 :Sf:a 93 110 120 

No. 2 360 44 59 37 

3 355 148 162 149 

4. 581 308 367 319 

11 Average dlscharge on last daY' of 3-day test. 

Y Average discharge during lS-hour teat. 

The static water level of the woll.s at the il.erlno BaBe 1s e.pprol'd.mliltely 

0.5 toot to one toot below l'Ilotln see level. The static water level in three of 

the welIs WS13 measured several tl~es 8 dey during the period June 6 - July 2, 

1938 and these measurements are shown in graphIc tom in Figure 6. 

~t!l.iled 1nforL1ation on tlle quantity of water pumped from the wells at 

Q)lantico 1s not 8vni1sble, but for the last six months 01' 1932 th.e average dally 

pun!page was about 330,000 gellona. fieglnn.1ng about 1935 most ot the water used 

by the resorvation was obtained. fl'(mt Chopawamsic Orook. In th~lt yeoI' 2..11 average 

o'f about '7'70,000 gallons a day was obtained from this croek t wherOB,S tho welle 

ouppl1ed only about 110,000 g8110ns a day. In 1936 e.'ld 193'7 about 150,000 

gallons I!l day liaS obtained trom. wells. 

DeJ.g;ron, Vo.--The water supply for th.e Uava1 l'rov111g Grou. .. ·lds at IlUgren is ob-

ta1ned tram three wells. Well 1, drilled in 1919, 1s 6 inches in diameter and 735 

teet deep, and yields about gO gallons a minute ~en pumped with a deep-well 

! 
turbine pump. Well 2, drilled in 1929, 18 10 inches in dlmnetar and 750 teet 

deep, and 1e reported to yield about 75 gpllonB a m1nute when pumped. Tho flow 

ot well 1 decreased gradually following the Installation ot well 2, and 
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on May 23, 1938, when well 2 was idle, the woter level in well 1 was 1.5 feet 

below the floor o't the purnphouse, which 18 at an 81 t1 tude ot epprox1ma tell' 15 

teet above &e8 level. Well 3, belonging to the Government, is 81 tuated on a 

:trmn near the I!1Il1n resorvation. It is pumped by a household wnter system and 

tho water is used only for domeutic purposes. 

Records of pUtlpage at Delg:ren have not been obtained in recent years, but 

on th0 bas1a of reoords for the period 1923 to 1929, 1 t 1s estimeted that the 

average daily purnpnge is somewhat more than 100,000 gallons. 

Sumnarz.--~Jle average ptm:q>ago from all the wellS "that haV& been descr1bed 

on the Government reservations except those at Indian Heed 1s estimated to be 

between 400,000 and 500,000 gnllons a da,.. This pumpage is widely distributed 

end 1s not near emugh to the wells at Indian Heed to cause direct in'tcir'ference 

Wi th them. None at the obaervations of water levels in wells at Indian Heed 

made during this investIgation indicate that the yield ot the Indian Head wells 

WS.D adversely afi'ected by PUli1J>ing at the other OoV6l"rullent reservations in. this 

erea. It is belIeved that &.8 long as the rate of pumping at these Nnrvat10ns 

18 not Increased greatly above the present rate, no problem will bo created 

thnt will need to be considered in connect1on With the development of water 

from wells nt Indian lIefld. 

Capact"t1J or wells fit Indlnn Head 1n 1938. 

-j; 
Because of the constan'{ demand tor wnter. 1 t was not practicable to shut 

down all the wells and make individual teats ot each well during the present 

inTeotlgatlon. However, limIted 1n:tormatton on the pres~nt capacity of indiVi

dual wel18 was secured during the course at the ptII1plng teats that were made 

tor the purpooe of obtaining basic 1nt'ol'!ll8t1on on the rate that the water-bearing 

tOl'O!lt1ons tapped by the wel18 at Indian Head would yield water. 
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nle toll owing table gives pertinent lntornation about the wells. 

Wells at Marine Corps Reservation, QuantIco, Va. 

Iepth Yield. Y1eldll ytoldY' 
r,'ell (teat) March 193;5 l:ay 19:33 Oct. 1935 

(g. p. m.) (g. p. m.) (g. p. In.) 

No. 1 3~;8 gS 110 120 

No. 2 350 44 59 37 

3 3e5 148 162 149 

4 081 308 367 319 

Y Avert'.ga discharge on last day ot 3-day test. 

Y Average discharge during 1S-hour test. 

The static water level or the wells at the Marine Base 1s a.pproximately 

0.5 toot to one toot below tnotm sea level. The static water level in three ot 

the wells was measured several 101\':186 8. dey during the period June 6 - July 2, 

1938 and these measurements are shown 1n graphic tom in Figuro 6. 

Lotailed InfOl'rlBtloll on the quantity ot: water pumped from the wells at 

~e.nt1CO 1s not svailable, but t()r t.lJ.e last sIx months ot 1932 the sTerage daily 

pumpnge was about 330,000 gnllons. Degilllling about 1935 most ot. the water used 

by the reservation was obtained f'rom ChopoYfSll'lSic Oreak. In thtlt year e..Tl a.verage 

of about 770,000 gallons a d.qy W8,S obtained trom this creek, whereas tho wells 

suppl1ed only nbout 110,000 gallons a day. In 1936 end 193'7 about 150,000 

gallons a day was obta1ned from wells. 

DalfE"!n, Va.--The water supply for the Naval I'roving Grou.l'lda at Ialgren is ob-

ta1ned :f'rom three wells. Viell 1, drilled In 1919, 1s 6 1nches in diameter and 735 

teot deep, and yields about 90 gallorus a l!l1nute when pumped with a deep-well 

turb1ne pump. Well 2, drilled in 1929,18 10 inches 1n dimnetor and 750 teet ! 

deep, end 18 reported to yield about 75 gallons e. minute when pumped. Tho tlow 

or well 1 decreased gradually following the installation ot well 2, and 

," "' 
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The wells situated in the vic1n1ty o~ p1.Illphouae Ho. 1 (Nos. 1, 2, 5-9). 

discharge into one end ot a long 8Url1p adjoining the pU!l1:phoua9. This sump 1s 

subdivided by wells into several compartments Whioh ect as sedinentatlon 

chambers. The water fiOW8 :tram one chambel" to the next through a roctangulnr 

opening neB1" the top ot the dividing wall end onters at one end ot a chmnber 

and fiO'fl8 out at the tal" end. Attal" the water :r1ows through the fIrst str.lp, 

it is dIscharged In.t..o r. second sump from which it 1s pumped into the distribu

tion system. In order to meesure the quantity or we.ter pmtped during the tests 

and to chock t..'1.e qtltmt1ty recol'ded by the flow meter installed in the main. dIs

tr1b~t1c:l 11."f.f), 6. reC~n3!llnr weir wns installed between the two sunps. The 

head or vater flowing over t!'"e we1r was m8W11ltrCd by ti water s~~ recorder in

stalled in the first OtImp. 

The weir was cnlibrete(l by tl100.S"mng Tolur..etricdly the 'lu.antit'J ot 'JV8.ter 

discharged during f.l dorin! te par10d int..? tho second sum},. while the hend ot the 

water flowing over tho weir 'i'r.,UI maintained at n COn.'3~llt level. The eapttcity 

of the ~eond sump 11(:\0 eam,putcd 1;.';) 'be equal to 95.16 gnllonn for each one

hundredth or a. foot of depth. The callbration tests were begu..'11 by pomping one 

well until the head of water tlOVling over the weir rmnined constant. The rise 

in the we. ter leval in the second slJmp during 8. defini to period was than measured. 

'rho rate of dischB.r60 corresponding to the head of "a t.er over the weir was com

pu ted :rran tho mea.suremel1ts of t he riS9 of tho wa tor level in the second sU!llJl. 

This procedure WWl repeated tor n number of d1tt'erant rates of pumpage. 

Pertinent informat1on on the callbrntion teats is given in tabla 4. 

The data given above were plotted as show:l in figure 7. E.mdde:l:'ine a mean 

cune t:rom which the :rate ot disoharge correspondIng to dlf:f'erent heads 01" the 

water flowing over the welr can be readily determined. The rating table 

(table 5) der1 ved fran the U18c.n ourvs 18 g1 ven on page 21. 
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~nt. or dischar&e tor calibration 

of weir at PumphoUliO 1. 

11190 

Dtt.te _118 Time Time Cage Gag$ Average ot Quanti V Osll. 
1936 pwnped .tart- ond bol{1!M height gage wat.er discharged po: 

ing at ot start end beight lavol (gala. ) m1nu' 
nan run in 

Sump 2 
!tlltl 

p.m. p.m • 
.T1m8 6 1 2.14 2.34 2.215 2.215 2.215 .200 2.414 123. 

1.6 2.56 3.08 2.218 2.278 2.2'18 .::160 S.42e :aoo • 

1,6,8 3.58 3.53 2.333 2.354. 2.334 • 140 7,042 469. 

1,5,6, 4.47 4.51 2.42t1 2.426 2.428 '7''{~ 
.+} • .,IV S.USS 197. 

8,9 

1.5-9 5.05 5.11 2.400 2.·1.00 2.4.00 .595 5.662 944. 

Aug • .2 1.2,6-9 1.14 2.24 2.42 2.42 2.42 O.M 7.S95 799. 

2,13 .. 9 1.46 1.54 2.395 2.395 2.3'05 .69 S,614, 701-

2.5,1 1.57 2.07 2.25 2.28 a.sS .525 3,09:3 309. 

2,6 2.17 2.27 2.24 2.24 2.24 .r15 1.665 166. 
-! 

Z,G,S 2.:36 2.46 2.7;(}2 2.302 2;.302 .405 3,8M 303'. 

2,5.8,9 3.00 3.10 2.358 2.356 2.358 .600 5,710 571. 



21. 

Table 6. Rating table tor weir at T'umphouse 1. 

Gag. Gallons Gago Gallons 
b(;)18ht per hQlght per 
(teot) minute (teet) minut.e 

-- ,~ ~ 
2.15 0.0 "'II 4i!O 

I 
2.16 US 2.34 494 

2.17 .:n 2.35 529 

2.18 ,e 2.36 504 

2.19 66 2.37 800 

2.20 e6 2.36 6S7 

2.21 108 2.39 674 

2 • .2~ 131 2.40 ?l2 

2.2.') 155 2.41 'SO 

2.24 18l 2.42 786 

2.25 208 2.4.3 826 

2.2(3 2:56 2.,~4 664 

2.27 265 .a.4S 902 

C.28 297 2.4.6 940 

2.29 328 2.47 979 

2.30 360 2.46 1018 

c;::::J == ~ 
2.49 1058 

2.31 393 2.50 1099 

-------------2.32 426 
t 

: .. , 
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There 1s marked interference between wells ot group I and aCCOrdingly the 

ca11bration tesw do not turnish an sccurnta tnat\SUl:"8 ot the capac 1 ty ot each 

well when pumped indIvidually tor a considerable pariod. However, the testa 

do give IntolWltion by which the relatIve capac! ties ot the IndIVidual wells may 

be judged. The capac 1 tIe. g1 van in the toll owing table are nppl"OX1mate. They 

represent the amount that the total dIscharge ot the pumped wells increased when 

the partIcular well was pumped. 

Capaci ty ot wells ot group I 

(Based on teats made June 6 and Aug. 2, 1938) 

Well !Jo. Discharge Well No. Discharge 
(g.p.m.) (g.p.m. ) 

1 124 7 145 

2 38 a 184 

5 1:32 9 186 

6 162 

The capacIties determined tram t.'le calIbration tests tor the seven wellS 

at pumphouse No.1 were genamlly less tht.m those deter.:nined during tho 1933 

teata (see table 3), 

The lower discharge in 1938 as compared with that in 1933 can, in part, 

be accounted for by the tact that, a8 shown In fIgure 5, the pumpag8 for 

several months in 1933 preced1ng the tests was consIderably lees than that 

Which preceded the tests in 1938. Accordingly. the regionsl head in the 

weter-benring to~ations was probably somewhat hIgher than that In 1938. 

Furthem.ore, the capac1 tios detemined during the Hl:38 tests, described pravi-

011811', 'Were obtaIned while more than one well was being pumped and since in tor-

terence between wells 1a relatIvely great. the caobined capacIty of several 

wells pumping at the same tL~e 1s1narked.ly laes than the canbined capacity 

of the Bmw wells whon pumped indlvidunllr. 



Only well 11 in group II was pumped during this investigation, and data 

are not 8T8lltble ns to the present capecl ty o~ the other wells o~ this group. 

Well 11 was pumped by alr tram 1:23 p.m. July 11 to 5:21 p.m.. July 15, during 

which tL"n8 no change was made 1n the operation ot wells 1. 5, ." 9 ot group I 

which were being pumped at the Elverage rete ot 700 gallons a minute. The d18-

chp.rge or well 11 was determined by measuring tor denni te periods the rise in 

the water level in the sump or pumphouse No.2, in whioh the water tram well 11 

was collected. Decauae:the capac1 ty ot the BUmp was insufficient to hold all 

the water pumped duri.."lg the pumping test. 1 twas necessa,.'"-y to drain the sump at 

intervals, during which per1odl$ no change was made in the operation ot well ll. 

Continuous measurements ot 'the dIscharge could not be made. therefore, because 

of the interruptions due to dra.ining the sump. HoweVer, the rate ot" discharge 

as canputed fran the rise ot tIle water level in the BUmp during the period 

1:23 p.m. July 11 to 8:4..() a.m. Jul,. 15 rcn1r..ed relnUvely unitoI'm and everaged 

64.8 gallons a minute. IUrtng 8. perIod when the sump was being drained the 

dlncherge ot the well increased notIceably and trom about 8:40 a.m. to 3:21 p.m. 

July 15 it BYeraged lOO.G gallons a minute. The reason tor t.h1a mQ"ked inorease 

in yield 1s not det1n1 tely known, but 1 t 1s 11!tel.y to have been due to a1 ther n 

greeter 8I'nOunt at air suppl1ed the pump, or to the opening up of the intake 

tacHl ties of the well wIth continued pumping. It 1s concluded that the present 

capacity ot 1'1811 11 1s about 100 gallons a minute. 

Since 1 t was not fooslble to measure e,ccurately the d.rm.wdown in the reop6o-

tiTe wellS during pumping. no logical beals ot ccmPnr1scu between the present 

d1scharge and the dischnrge ot the wells in 1933 exiata. Furthemo1"O, the 

setting at the pumps in the wells in 1938 differed from that in 1933. Because 
I 

ot the m81"ked intert'cronoe between 'IIells and the attect on the regional st.atlc 

water level ~uaed by pumping itmned1e.tel.y prior to t.tIJY' oontrolled pum:ping teat, 

the only stltlstactory basis foOr compartng the yield of the respective wells at 



different periods would be to repeat at intervals a pumping test during which 

pwtping operations were maintained the same 8S during a preVious teat. Suchft 

comparison can be 1l".e.de in the tuture by repeating the extended testa mede 1n 

June and July 1938, which nIl subsequently be discussed 1n detail 1n this 

report and tor Which accurate data are now ftnUable. 

Original and present heed at the ground wat~r. 
J -

According to llerton one or the tirst wlls constructed on the Ind1en 

'J Dertan, N. H., Artesian well prospects 1n the Atlantic Goastal Plain Region: 
U. S. Oeological SUrvey Bulletin l38, pp. 13-:1-135, 1896. 

Head reservation was drilled soma time prior to 1896 and was 4&3 teet deep. 

This well W88 a1 tuatod near the Potomac River at an altitude of about' 100 teet 

above lotr-we.ter, end the water in the well rose to about 10 teat above low-tide 

level. It yielded 11.6 gallons o't water per minute when pumped. Int'oDnnUon 

in regard to the head end yield ot wells Nos. 1 to 3, 1s given in the report at 

-' the M.r:u71and Geolog1cru. Surve;V. According to this report, the h$£i.d of the water 

"J Clerk, Vi. B., Mathews, E. B., BDd Berry, ~ The surf'ace end Ullderground 
water reoota'Oes ot ~Jland. including Delaware and the District ot COlumbia: 
Md. Ceol. Survey Spec. Pub., Vol. X., pt. II, p. 39'1, 1916. 

in Well No. 1 was :5 feet above Setl levol, 1 t flowed 20 gallons per minute, and, 

the well yielded 104 gallons per minute when pumped. The heed in Wells Nos. 2 

8l1d 3 1s given as being above sea level end their yield as 100 gallons and 83 

gallons e minute respectively When punped. Tho dnte of these measurements of' 

heed and yield 1s not definitely known. They we1"O :probably made a considerable 

tL"lI8 before 1918, when the report was published. 

Because ot the cont1nued demand for water tor use on the GoTernm.ent 

reservation nnd the adjoining village ot Indian Head, the pumping of wella ot 

group I could not be interrupted during the preaen.t Investlention tor a su:f"ti

aienUy long enough poriod tor the water level in the wells to recover to 

".' ,",iI' ~ ... :' 
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essentially ita static pi')Si tion. The static water leval shown in. table 3. 

Pftge 13. based. on the 1933 tests of wells of group It unquestionably is not a 

true static ltm31. The statio 'll8tor le'lels in theaawelln sh.Juld be na!'.rly 

the same, Whereas it varies t'roril a lovol of 70 feet below sea lavel for well 2, 

to 102 feet below see leval for well 9. The re~ctive levels were therefore 

influenced by earlier pumping ~j, tte "11a. 

Trior to ~ exterwlve pumping at Ind1en Heed the wells of' group II, 

except well 14 which 1s 01 tuated on higher ground. a1 thor nowed or had static 

vmter leVels 'thnt TIU"e ve-ry close t.Q the surface.. The ap])X'()Xir'late ~.n.t 

o't the static water 1avals recordGd in t.~ IIJ~ teats tor wells 10, 11. 12 

(see tabla 3, page lZ) ero:J:tO!l n :pre:n~npt1!)n thet these ucll~ shoW' the npproxi

mata static 18'le1 in 1933 in the vicinity or puu1phouse No.2. ':rna high0r 

level of well 13 was due to BOme unexplaineci C8\UlB. 

In 1938 the watar level of' wall 10 on June 8 (aee tabl.e 7, page 29 ) wat! 

51.51 feet below see. level and on JW1e 00 at the end of he8~J pump1:ng vt wells 

of group I, 1 t WIlS 72.50 teet belO1f Gea lewl. 'l'hus, the water level :recorded 

tor wel18 of group II during this i.l:nt'0st1eation represent cond! tions unaffected 

by pumping in their hr.anediete vicinity but affected by pumping ot wella at 

group I. 

PumpJ:E.~ testa at Indian Head 

In order to obt.ain bastc in1"or.nnt1on 'frrn ;m1ch to dot8l'rn1na the mte 

that water 1s trnnsn1tted through the t'omation and the quantity of water tnat 

could be recovered fro:!n storage in tho weter-bear1ng mater1uls, carefully 

controlled pumping tlfstG were conducted on wella ot sroup I and on well 11 

{see tigurt'l l). Frier to the begin=1ng of t.lte teAts. wells ot group I had been 

pUtlped 8"G Tflrytng rates aocord1ng to thedoo'dWi (soa t'igtll"O 8). 1'1el1s ot group II 

hed not bean opert\teci tor several years except tor briof periods at 1ntreQ.uent 

intervals to check the p1l'llplng equipment. The test of' wells ar group I 



was beb'Ull at 8:00 a.m. Juno 8, 1938 rmd wells 1, 6, 8, and 9 1'1131"0 pUIllpOO con-

was 644 gnllona a m:\DUto. At 8:00 a.m., on June ::0, pumping wad started with 

w.iJlla 2, 5. and '1. Tho yield we:! thus Increeoed, and avor-dgOO. 827 gallons a 

:r.n1nlltG tor the next 10 days. At 11:00 8.r:1. on .Tune 30 plmlping of walls 2 and 

G was d13cont1nue<i. The remaining f1ve wolIn (l. 5, '1-9) were pur.lped at e. 

cQ'!'.b:tncd avarog0 rata ot 697 galloruJ a m.1nu·l:e until 5!OO p.m. July In, When 

t,.~o test wan discontinued. Thus tlu:: pl. .... "'.l:ping test on thooo wells may be div1ded 

into throe periods as follows: 

i'oriod - BeSnni!!t$ End Wells ;VUl1!I!ed Co~bined svaraS! zield 
First e a.m. June e a a.m. .1un.e 20 1,6,8,9 644 g.l'.m. 

~'.eeond a a.m. J'unw 20 11 e..m. June 30 1,2. 5-9 Sn7 g.p.m. 

Third 11 a.m. JUne 30 5 a.m. My 19 1,5. 7-9 697 g.p.m. 

Jl.tring the latter part of the third period ot the teat on wells ot group I, 

a pump1ng teet was run on well 11 of group II. Well 11 Wfl9 pureped at an average 

rate of' 67.1 gallons a minute beginning 1: 23 p em. My 11 and end1ng3: 21 p.m. 

July 15. 

The pumpege from wells ot group I was computed by detel"'11l1ning w1 th a plani-

moter the moan daily hend ot t h@ water over the disohtlrgo wir i!.USta11ed at 

pu.mphoulle No.1 and applying the heed to the rating table (soe table 5). For 

convon1ence the pumpage was computed by days bepJ.nning at 8:00 a.m. rather then 

at midnight. Table () shows the aver~lge daily discharge of tho wella. 

no change was mnde in the respective pumps during tho period that each 

was in operation. ~1nB the first p01.'iod of "the test (soe p. 28) the avcraga 

daily rate remnined relatively constant and averaged 644 gallons a minuto. 

The rate ot d1schnrge at any time, however, fluctuated slightly as shown in 

table 7, which g1ves the rate ot discharge at 8: 00 a.m. tor each day. lA1ring 

the second period of the teet (soa p. ) when 7 wella weN pumped continUouSly, 



Table th 
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Discharge of wella or Crou~ I 

durin« pump1n&' ,est •• 

(For dftye beginning at 8:00 6.m.) 

Data Disoharge Date Dhoharge 
1936 :(g.J:).m. ) 1~6 

June a 635 Jun. 29 

9 650 30 

10 642 Jul:1 1 

11 6402 2 

12 64.2 3 

13 Ma 4. 

l' 6&2 S 

15 546 11 

16 656 '7 

17 6$0 e 

18 442 9 

19 638 10 

20 001 11 

21 867 12 

22 870 13 

23 845 14 

M au 15 

~ 832 16 

26 006 17 

21 700 18 

28 191 19 
) 

Vella l,6.a.S pumped 8 a.m • .l'\me a to· a a.m. June 20. 
Wells 1.2.5.g pu.p~d a a.m. Juno 20 ~o 11 a.M. JUne 30. 
\Yella 1,5,7-9 i>ursped 11 a.lI. June 30 to 5 a.lI • .July 19. 

~(g.p~7~ ) 
'753A/ 
'756 

6'15 

686 

68& 

?04 

'713 

'717 

120 

704-

'713 

708 

7213 

'13 

696 

675 

679 

fSOO 

eee 

682 

671 

AI "Yell 6 not operating 3 hr. 35 min. during period 8t20 a.llI • 
• • ,45 p.m. June 29. 

, .... 0:' ..• , .. '~ . .;: ;..:..' 



'l'8ble 7. Discharge at d1rtorent times ot wells of 

groUp I and watar leval (or corresponding tiX:11l1'.l in 

wells 4 and 10. 

Dat.e Wells Dizche.rge '>l4t-ar loval t root bolow so&. leva' 
1mB '!irMl ll\lmPOO G.:l? .11. 'i)ell 4 Well 10 

June 8 8:00 a.m. 1,6.8.9 637 ~7.Z4. 51.51 

9 .io d.o 6:57 106.:34 5S.51 

10 do do 637 107.34 55.51 

11 do do G,n 108.62 56.51 

lZ de d'" ,.( 674 lOS .1.7 57.56 

13 do do 6~7 110.22 58.51 

14 do do 641 110.84 .. --
15 do do (;37 111.17 59.41 

le do do 6:;;5 111.44 5$1.69 

17 do de; 66d lU.7e iSO.22 

15 do d6 630 111.00 $0.71 

Ui do do 637 112.54 51.11 

20 do do 630 112.69 61.3:3 

1:0 le.OOa.m. 1,2,5-9 gEl 129.77 51.16 

21 8:0o..m. do 003 1·11.66 63.26 

22 do do 633 145.1e Cm,.26 

ro do do 845 146.94 o7.0~ 

24 do do 8.00 14.8 .. 10 68.48 

2S do do 6...."6 148.89 6V.41 

26 do do 826 1'9.44 70.81 

27 do do 788 149.88 70.81 , 
28 do do 781 150.54 71.31 



Date 
1~3a 

Well. 
p\lI!rped 

Discharge 
G.P.U. 

'Uater levol. t'aot bt<:lo\'; sera lovell! 
~11 4 Wall 10 

-rsa 150.82 

~o c!o do 

30 1 :OOp .lIl. 1,5,7-9 143.0e 

July 1 8 rOOa.m. do 137.74 

do 674 

.. do 681 136.1.9 

4 do do 708 ]3&.09 

5 do do '708 l36.01 

(5 do do 712 135.94 

'1 do do 135.87 

8 do do 

do 135.79 

10 d~ 712 

11 do 708 155.88 

12 Ao 

do 712 

674 137.11; 

15 do dQ 667 

1G do do 674 

17 do 

15 do do 661 

1S 5z00a.m. do 67' 

~!la 1.e.S,~ pumped etOO a.lIl. June 8'\0 8;00 (L.m. Jlme 20. 
Well s 1,8,5-9 pumpoo. 6 :00 a.m. Jun= 20 to 11 :00 a. .m. JUne ~O. 
lI'o11a 1,5,1-S p\1roped 11 :00 a..m. Jmw 30 t.o 5 :00 a.m. J'U1l 19. 
~Gll 11 p~mDed 1:2~ p.m. Jul1 11 to 3:21 p.m. J'u~ 15. 

'71.79 

7'J.ot 

71.59 

70.B6 

'10.46 

'70.26 

70.11 

69.95 

70.08 

8$.51 

15.66 

7.3 .01 

71.56 

71.'13 

AI Wat~r levels not oorntOtod tor t1de, barometric .ttect and trend 
due to continuous pu=p1Dg. 

W Well 6 out of' 0pGraUon total ot :5 hr. 35 min. during period 
6:20 a.m. - 4:45 p.m. Juno 29. 

! 
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the dIscharge decJ.1noo con.'Jtantly. The rote far the f1rst 24-hour period bo

ginning 8:~ a .. tn. J'u.n.e 20 when '1 wells wera :pumped Tl6S 907 gallons e. minute. 

Attar ten days .of' pumping, hcmcvar, the discharge hed declined to a..'"1 aTOrnge 

ot 753 gallons a minute • 

.As ex,lained previously lsee p. 23), e. pum.ping test on wall 11, of group 

II, be ru.I1 1'ran. 1:23 p .. 'll., july 11, to 3:21 p.m., July 15, during which time 

wells of ~p I were pumped constantly nt un average rate ot 700 gallons a 

;nim te. Tha avarage ra ta of pur-rping tor wall 11 for tho poriod indica ted 

nb;.)ye ;vus 67.1 gullons So m1Iiu te. 

Wa tar-level measurements 

At frequent 1ntervals during the pumping tests tape measuremonts were 

lmde of the water levels in wells 11, 12, and 13. Wator-atage recorders were 

maintained in continuouB optration on wells 4, 10, and 14. All water levels 

taken rran. the record'!Jr graphs and ell tape mca.sul"OOlonts of dopth to water in 

wells were converted to 81 t1 tude in teet above or below mean sea lsvel. .All 

measurements of depth to water 1n wells were made tr:tm measuring pOints on the 

top of the casing of the respective we11o. The altitude of the measuring points 

g1 Vfln in ;;'he f'ollowin.g table was determined by spirit loveling. 

Al ti tude, in feet above 8(~a lovel, ot 
moasurins points of ,wells. 

!!!1!. 
4: 

10 
11 
12 
13 
14 

i3<$.(56 
13.89 
1d.51 

33.Z3 
39.24 
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Correction of 1m ter levels for tidal and barometric 
nuctuationa. 

The water levels 1n the wolls at Indian Head fluctuate in respon_ to the 

tide in the Potomac River and Uatawomnn Creek nearby and also in response to 

changes 1n barometric pressure. To obtain information on the ttdal and baro-

metric changes a wa tar-stage recorder was op ca teu as a recording tide gage on 

MMtaWOOlf.lD. Creek near well 10 beginning June 10 and e. microbarograph was operated 

at Indian Head beginning June 9. Hourly measurements of the level or the tide 

were also obta1ned tran a tloat-opo1"8ted tide gage s1tuated at the Indian Head 

wharf on the Potomac River. 

Becauso of the large area covered by tidal water in the Vicinity ot Indian 

Head and the rolative prox1mi ty' at the wells thereto, there 1s ve~J 1i title lag 

between the tide Wld the tl.uctua tiona produced in the well:l. It is assumed that 

tue rise or docline in water level 1n the observation wellS caused by" the tide 

1s proportlonel to the rise or tall ot the tide whiCh produces the fluctuatiQn, 

the ratio betweon the two being temed the "tidal eft1c1encytt of the particular 

well. TidAl et1"lciency crt each well was determined by canperiug the ditterence 

between low tide and the precedIng or following high tide with the corresponding 

dift'eronce between low 8lld high water levels in the wall, a tactor being npp11sd 

to the latter to correct tor the general trend ot: the ?later level coused by 

chenges in the l'Elte ot pUI'l'l;>ing :!.'rom 'l'lCll:J o'f gro'J.p I. By averaging a number of' 

such determinations, the tidal efficiencies shown in the following table wers 

obtained. 

TIdal efficiency at Indian Head wells 

~ 
10 
11 
12 
13 
14 

0.27 
0.27 
0.26 
0.18 
0.21 

These Talues shown above ere fairly reasonable end are consistent in that wells 

nearer tidal water haTe in general hlgner tidal efficiencies • 

. :l. ., 



The observed water levols were corrected tor tha ettect at the tide accord-

tng to the difference between the obse1'T8d tide at eny timo and the mean tide. 

For example, i1" et ft oortain tL"lle the tide was 1.00 teet above the mean, the 

water level obaened at that t1me in well 10 was presumably 0.2'1 toot above the 

"corrected" level. The Meell ttde OWl' the period of the pumping testa was de-

termined by plan1meter. 

A procedure similar to that followed In oorrecting for tidal effeot wa.8 

follows(l in applying further COl'l'ootiona tor the effect .01' fluctuations in 

barometric pressure. A vnlue ot 0.70 was a8~~d tor the ~baromatr10 efficiency» 

tor all the wells. Thi8 figure waa arrived at by consideration of' the tidal 

atr1aienelos 01' the var10us wells and thetr respeotl~ distances tram tIdal water. 

The indications are that if the aquifer in questIon were .ntl~ly overlain b.V 

tidal. water, a 'Woll penetrating that aqulter 'IIOUld have e Udal efficiency ot 

possibly 0.30. 

Theoretically the sum 01' this limiting value of tidal eftlo1enoy and the 

nlue of' barometric et:ficlency 111 unity. 'rho oorreotions for tidal end bero-

metric effects worn no.da graphically. Figure a sho_ the tidal Q."ld barometric 

fluctuations, water level fluctuations in well 10, and pumpegn at Indian Hand 

tor the period May l-June 7 t 1938. The water level fluctuatIons in well 10 

were obtained by m.e/ms ot III water stage recorder. The graph ehowe a more or 

loss regular weekly cycle ot fluctuation due 1;0 the closing of the po\llder 

tactory at the end ot' GSch week and the reaul tant cu.r"W.IL'1'l.ent in pumpage at 

auch times. 

Figure 9 shows the tidal and barometrio fluotuatlona, the water level tlue-

tuations in 'Wolls 10-14, and ptLrnpage at Indian Head tor the perIod June a
t 

J'uly 10, 19$. The correotions tor tidal end buanGtric fluotuations tor the 

".1111 are also shown. together wi th the mean corrected water lave1 curves tor 

each wall. The mean correoted water level curves are elso Shown in figure 10. 



The Sane procedure that was followed in correoting the wnter level curves 

during the controlled test 01' 'Wella 01' group I was u80d in corrocting the water 

levels during the period July 11-19 when well 11 was pumped to determine the 

etfoot 01' pur:Iplng 1 t upon the water levol 1n th\3 other wella. F1brure 11 ahoE 

, 
July 11.-19. durl"'lg which well 11 was PUl1.ped. 

f:ff'aot of Pl.tnp1n~ on water lava13 in IndlnnHoad walll!, 

It has 'been polnt.atl 011t preViously that the w~lla of groU1) I interfere 

greatly nth one Rnot;her.. This interterenoe 1s s.~own by the e1"l"oc't on the we:ter 

level of well 4. whtm other wol1s or t2Hl group are being O'Porn~od. Table a ohows 

pumping tests run in the SU1!'1mer of 1938. 

sen 1tJVel, at the end of 13 days of' pumpinG of wellS 1. 15, at and S et en avorttga 

rete 01' 644 gallons e. mInute, it bed declined to 112.67 feet below sea level. 

The pumpe.ge at group I was increased at 8:00 a.m. JWle 20 by starting wells 2, 5, 

\. end .,. The "ffect on the water levol of well 4 was 1lm::1ed1ate nnd by 12: 00 noon 

June 20 the wnter level had declined to 131.57 feet below saa level. 

The Cl~rage rete of :pumpaga tr<:nn wells ot group I from 8:00 a.m. June 20 to 
a h7/nu-fe 

ll:OO a.m. Juno 30 we.a 753 gsllon~. ~00l0 difficulty wae exPerienced on June 29 

with the operat1on at well 6 becnuse ot the hoating of the mot~r and this well 

wes out of operation e. total ot 3 hoUl"8 end 35 m1nutaa. at 1nterval3, during the 

period aUlO a.m. - 4: 46 p.m. June 29. '!'he effeot ot th1s 1s shown in the respec

tive water levels shown in the table f'or .Tune 29. The lowest level occurred, 

thel"'tfore. at about 0:00 a.m. June 29 f1Ild was 150.82 teot below Stttl 10"181. 



Data 
HtH3 

JuUlll 8 

0 

10 

. 11 

12 

15 

14 

15 

15 

17 

18 

19 

20 

21 

22 

ro 

24 

2S 

26 

27 

26 

6;\')0 
!'L.m 

95.M 

105.04 

107.24 

106.46 

109.42 

110.21 

110.34-

111.14 

111.75 

111.75 

111.Tt3 

llZ.49 

112.67 

141.4.6 

10\\4.94 

146.84 

148.06 

148.1'3 

140.~9 

149.-r5 

150.45 

Table !... 

12:00 
norm 

100.44 

105.7S 

107.60 

108.69 

1~.7::! 

11O.4.:S 

110.34-

111 • .24 

111.55 

111.75) 

112.04 

11a.40 

131.57 

142.22 

145.44 

147.04 

148.00 

149.0fS 

149.00 

150.12 

'f~() . Pd. 

wat$r levul in well 4. at different times 

tor period. Juno e - Jul1 19. lv~8)J 

6:00 12:00 Date 6:00 12:00 
n.m. eidni(fht l~;';:;B A.ll'I noon 

10::;,.04 104.34 JUM 29 150.82 148.9' 

lOO.~20 106.85 'So 148.SS 144.69 

107.86 108.$2 JUl.1 1 158.00 137.12 

108.99 l09.:U 2 1:!f1.75 136.44 

109.16 110.08 :5 136.34 136.16 

110.54 110.76 4- 1ZG.04 135.89 

110.ii)1 111.04 S 1'35.94 1:55.92 

111.Z4 111.44 6 135.64. 135.14 

111.56 111.64 "1 135.82 135.94 

111.9'1 112.04 8 lS5.?9 136.0t 

112.34 112.3' 9 135.75 135.00 

112.66 112!.55 10 135.'77 135.95 

137.34 159.56 11 135.$ 1311.97 

143.24 144c.le 12 136.04 1:36.45 

145.92 14tS.~9 13 13f1.7::' 13$.99 

U7.42 147.00 14 137.lt1 137.35 

148.19 148.53 15 137.64. 137.&\ 

1'9.09 . 149.34 16 137.94- 137.00 

149.66 14~.9~ 17 131.49 137.44 

150.06 150.48 18 136.90 136.91 

HU'l . "14 '50.at) 1(';j , ~~ .l'-\ft ''1l~.A~ 

1/ We.tor levol obtained from "cordar graph. 

;'. 

35. 

6:00 12;00 
.h"m .• m1dnl~ht 

148.4.2 148 .. 42 

140.06 138.76 -

137.59 156.00 

136.50 13<!.19 

136.24 136.04 

155.04 135.94 

135.88 1S$.8.0 

135.85 135.62 

135.94- 1:55.m 

1:55.~ 1~5.84. 

135.a:: 135.94 

1:'15 .. 00 13t;'.02 

135.91 lZ6.0~: 

136.52 136 .. 73 

1:5'7.06 1::17.16 

1~7.42 1::)7.53 

137.87 137.09 

137.82 137.66 

137.50 137.24 

136.00 136.82 

il""A . .ill 133.29 
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At lls00 a.m. June 30 wolla 2 and 6 were 8hu~ cnd the 1'I8ter level in well 

4: rose pranptly in response to the reductlon in purnpage to an avorage rate ot 

700 gal10na 8 minute. Tho riso in _ter levol continued until 1:23 p.m. July 11, 

when well 11, ot group II, \reS started. Tho continued recovery ot the wnter 

level in well 4 during July 10 ond the morning of july 11 i8 not 8pp8rent in the 

'f'alues given in tho table, howover, 8.8 those valuos are uncorrected for tidal 

end barometriC offset. 

'{{ell 11 1s 2,050 teet distant from. well 4, and even though weU 11 was 

pumped at the relatively 1owswre.ge rate of' 67.1 gallOnD 8 minute tor tho period 

1:23 p.m. J'uly 11 to 3:21 p.m. July 15, the ottect upon the water level in Vloll 4 

i8 .Yidont from a s twiY of the "slues g1 ven in table 8. 

The effeot upon the water level in well 4: due to purnpag8 from. the .respective 

wells is sholm g:re.phl ~1l1 in figure 12. 

The extent ot interference between wells at IndIan P..ead is not confined to 

wells that are close to the pumped well or wells. The effect on more distant 

we1l8 Is clearly shown in 1'ho table". p,.2~;;;o. which gives the averege daily 

disoharge of weUs ot group I and the e1tltude of the lfater level in wells 4: end 

10 tor dltterent tiroes. Well 10 is 2,120 teet tram. the effeotive center of 

pumping of wells ot group I. turing the period 8:()O a.m., June 8, to 8:00 a.m. 

June 20, when the wol18 of group ! were being pumped a t an average rate of 644 

gallons 8 minute, the water level In well 10 declined trom 51.51 teet to 61.33 

feet below sea lavel. Furthe1"!l'.ore, When pumping wna incroosed on June 20 by 

the pumping ot wella 2, 5, 8.m1 7 the water leota1 doclined stUl furthel'W-to 

72.50 teet below sea level at 1:00 p.m. June 30. 

11gu.ro Osho. in grnph1c form the effect on the water level in the 

various wolls caUDad by the pumpag8 tram w$110 ot group,I during the poriod 

June 8 - July 10, 1938. The meen corrected water 18V'el curves tor the some 

period e1"O shown In Figure 10. The additional effect croatecl by pumping 

well II 1s shown in the tnam1 corrocted water level aur"teB given in tigure 11. ' 



Etfect ot PUl'lWlng tests et Indian Hoed on 

water level in outcrop area in Virginia. 

During the course ot the pumping teots on the wolla at Indian Head, careful 

meaSUl"8llents Wtlre L'lode of tho depth to the water levels in selected wells 

situated 1n the outcrop 8l."M in Virginia ot the tomat1ona tapped by the wella 

at Indian Hand. Those measurement. are shown graphically in f1gure 13. 

Measurements were also obtained durL'lg the period at the Indian Hend tests 01.' 

the fluctuations or the water levels in wella at the Marine Corps Reservation at 

(~antico, Vee (sea figure 6). III spite ot the extendedcduration ot the teats at 

Ind1an Head no moo.surab.le effect in ttw observation walla in Virg1n18 cmud be 

found that could be attributed to the operatiDn of tho Indian Hood wells. 

Moat of the wells observed in Virginia at the time 01.' the Indian Head testa 

were found to fluctuate ln response to changes 1n the tide in the Potomac River 

end t.'le tldtll eatueries tr1buter,y thereto. The et:t'ect ot pumping wells on the 

Marine Corps Reso1"Vl'\t1on was discernible in other nearby wells as was to be ex-

peoted. It there was at allY' tl::-.e any response to pumping at Indian Head, the 

ettect 1mS so small that it was completely obscured by great~r fluotuations 

oaused by changes 1n tide. pumping. atmospheric pressurs, or ra1ntull. li'urther-

more there wao no 1'10113. ertdence obtained to indicate thut therQ had beon any 

lowering ot the water levols in the outcrop area, in Virginia, of the formations 

tapped by the Indian Hend wel18, that was caused by the pumping that had been 

done thua tar at Indian Head s1nce the begirL"ling 01' lnejor pumping on the 

reservation. 

CoeffiCients of trans:::lissibll1ty and storage of the water-bearing beds. 

The tranS!li8s1b111ty ot 8. 1m.ter-bec.r1ng bad, or aquifer, 1s a measure of , 
lta e.b1l1ty to tranmn1t _ter. The coeft1clent at tranam1ss1b1l1ty 1s def1ned 

lUI the rate or tloW', in gallons a d87. throush a nrtical strip of the aquifor 

1'l"om top to bottoM, one toot wide, under 8 hydraulio gradient of un! ty. 
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It 1s the eoet1'1cient ot per.:n.eabil1ty, as defined by Meinzar, multiplied by 

J Grover, N. e., Contributions to the hydrology 01' the United States, Weter
:Jupply Paper 59tS, p. 148. 

tho thickness or the aquifer. in teet. 

The eoe1'f'iciont 01' storage i8 a measure at the amount 01' water removed fran 

storage through compression 01' the aquiter by the weight of the overlying beds 

a8 the hydrostatic pressure 111 thin the nquifer 1s reduced. It 1s defined as the 

volume ot water, in cubic feet, released from storage in e. coluxm of the aqui1"er 

haVing 8 base 1 foot 8qun.re, when the piezometric or pressure surtace 1s lowered 

1 foot. 

These two tac~)rs - transmiSsibilIty and storage - lar~ly determine for a 

giTen rate of pumping the rate of expanSion, the ereol extent. and the depth 01' 

the "cone of' influence" around a well or group 01' wellS. Thus, it 18 thoo1"Oti-

cally possible, within certain l1mitations, tc) determine the quantity of' water 

that may be recovered by a given system 01' wells 1'r00l the values of' these 

coef'ficients. 

The theoretical. approach to the problem of determining the quantity 01' 

'Plater that can be recovered fro;:" wolls involves firSt, the determination of 

nVOTng9 values for the coer~lclent of tre~~lss1billty end the ~jatflclent ot 

storage, and second, the epplicat10n 01' theao average values topostule.tod well 

systOC1.S. ~:;evera1 :n.ethods a.re generally used tor detennilll:ng coeffiCients of 

tr~~lsa1b1l1ty and storage in order to provide a series of checkS on the 

a.pplicabi11ty of the bnsic dcta. The range in coefficients deter.nined thus by 

the different c:ethods rene-eta chiefly the degree of variation of the coOO1 tions 

found in nature tran the ideal cornU tiona on whlch the methods ere based. 

Several methods mny llkewise be used in studying the ettects 01" hypothetical 

"ell syatans. 

A brief description ot' the dIfferent methods used to determine the 0001'1'1-

cient8 of trensmissibll1 ty and storage of the water-bearing beds, with 



computed TOluca for tho coeftla1cnts end a tabulation ot the base data, are 

etven. in the appendix to th1:l roport • 

. :Ji&!if'1~!Ulce of the coe1't1c1onta as determined & 
the dl:t"teren t me thode. 

A 8Ur'lMary of the vnlues of the CoeffIcients ot trCllSmi aslbU1 ty (T) and 

storage (3) as computed by t..'le d1fferent methods 1s given in the tol:i.oW'1ng 

table. In 8.l.1 of the methods 1 t 1s 8SfJWl1ed that the aquifer 1s homogeneous, 

constant in tbickness, and ot 1nf'1nl to areal extent. It is further assumed 

that the pumped well 1s screened the entira thicknEtSB of wator-oouing beds 

penetrated by the observatIon wells, and that the well is pumped at Ii constant 

rate or in sequences of constant rates, the chcnges in rates occurring 

instantaneously'. 

Table 9. Summary or d~termination8 ot eoe£fleienta of tran~ll1s81bill~1 

i''U!Il'pi.ng 
test on: 

Well 11 

Group I 

Method 

'l'hiC!ll 
Theis rocover;r 
Grapllice.l 

Thiem 

Graphical 

Mad .... "'lUnl slol'e 

Pel'1od 
ot teat 

II 
III 

n 
IXI 

II 
III 

Coefficient 
of trans
misoibill ty 

T 

2,310 
1,770 
2,690 

3,130 
1,980 

4,210 
4,020 

Cou:f'f1c1 en t 
ot storage 

--
-4-

3.76 x 10 
2.95 x 10-4 

5.88 x 10-4 

4.24 x 10-4 

The equilibrium or \Water levo10, tlSSWleO. tor tho method developed by ThIem 

is not :rully attained so long as 1I8ter 1s being drawn tran storage in any part 

of' the aquifer. Until absolute equ11ibrtun 18 established, observed d1fferences 

in drnwdoe mey be oomo'/hat le&o then corre.,!)OndL"lg differenceo in drawdown at 

equil1brIum, and if'IV, the Vfl1uas of trfInsmi9s1biUty detal"!!!.1ned by the Th1tX'l 
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method "ill be somewhet too large by an amount dlapendin.g on tile reapective d1s-

tances or the observation wella fl'om the pumped well Olld on the time elapsed 

-' since puIll1>ing began. llowever, 8.8 pointed out by ;~enzel. the cone of' influenco 

.J ;;'enzel, L. K., The Thiem method tor determining permoobl11 ty ot water-bearing 
materiel: Geol. Survey ~8ter-Supply Papel" 6'19, p. 51, 1936. 

in the Vicinity of 8 pumped well 11'111 ul tl:~,ately rt')s.ch n condItion ot npproxi::!tlte 

equilibrium-thnt is, the cone '1'1'111 reach e fOl":n that will rerr.ain practIcally 

unchanged e1 though the water levels will coo.Unue to declino. Hence the differ-

encaa in drawdown ot the water levels in observation wells Situated wi thin 'the 

'PfU't of the cone ot influence that has, for e given period of' pumping, rElochE'.4 

pumping, end the coeN'lcients of trensmis111bll1 ty oanputed there!'rcm. by the Thiem 

formula will bo virtmuly tho St!n':1Eh It is of the u1z';loat importance for the appll-

cetion of the ThIen method that the observation wolls be within the part of the 

cone that has rooched an essential 84"U111brium for.ll, as otherwise, the canputad 

~)etrlcionts will decrease with continued pumping. 

Al though the watar-bearing r(lrmntiona Wlderlying Indian Head ore believt;;d 
.J 

to be "fairly continuous and of more or less unltorJl thickness," there doubtless 

../f'ledler, A. G., Cedy, 'R. e., Meinzer, D. 3., Op. cit., p. 10. 

ara lstare! vPsiattons 1n pel'!~'10ab111ty- and in the thickness of the aquifer that 

may account for the com.putat1.on of larger coetf'lcianta of tl'6r.smi ssib ill ty fran 

the test on wells ot group I than from the test on 'lOll 11. Further.n.ore, 

well 11 may not tap all of the water-bearing beds tr.p~}(ld by the soveral wells of 

group I. However, the log at well 11 i8 not tr'IBllable; hence this cannot be 

verified directly. It is believed thatV8l.u8s ot transmissibility (T) and 

atore.ge (3) detel"l.'l11ned tram the test on lIo11e of group I are more truly represen-

tatiV9 or the chnrecterist1c8 of the aquifer 85 a whole than the values obtained 

from the tests on well 11. 
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The value of tren:mlas1bi11 toJ determined by the modifIed Thiem method 

tor the second pt:rlod 01' the test on walls ot gl'OllP I is 3,130 end, using the 

88l'/18 obsorvation Wel18, that for the third period 1s 1,980. The dItf'erence 

between the two valuoo 18 belIeved to be duo to the tailure of the cone ot 

influence to reach en equilibrium rom corresponding to the "effective e'7e1'flg8f't 

pumping rates at which the testa were run. 

The ranninlng values 01' the coefficiont ~ transmissibility (T) 8S de-

tor.ntned :rran the tests on group I ere 4,210 tor the second period and 4,020 

tor the third period. These vru.ues were obtained by tho graphical method. 

On the basis ot analyses 01' the appllcabi11ty 01' the several methods to the 

tests, 1 t 18 believed that t.~e values canputod by '\he graphIcal method from the 

tests on wells ot group I ere more tlccura to then the va1. ucs ca:npuwd by the 

other methods. Accordingly 4,000 is used in this report as the coefficient of 

transmIssibility. ThIs tndicates that 4,000 gallons a dny w1l1 percolate 

through oeab Tertical strip ot the a~lrer ane toot wide under 8 hydrnulic 

gradient ot un1 ty. 

The coefficient of storage (3) is 8 function ot the porosity and thickness 

o'f the aquifer and the elastic moduli at the wo.wr and ot the 8.quifar. Doce.use 

of lateral variations in porosity nnd thickness ot the p.qu1~er. it 1s to be 

expected that values ot the coetflciant ot storage COOlputcd f'rtx1 water-level 

data ~or different wells by the graphical method Will also vary. 

The average coet:flc1ent ot storage determined by the graphical method is 

-4 
3.76 x 10 for the sooond period ot the pooping test on wella ot group I 

(S08 table 9) end 2.95 x 10-4 tor the third period. The coer~1ciant detorm1ned 

-4 -4 
by tho max!.,-mm slope method i8 5.88 X 10 tor the second period end 4.24 x 10 

tor the third period. The coefficient 01' storage to be used tor predIcting 

long-time trends shcn4d theoretically be somewhat smaller than that detennined 

by the ~8lope method. In the following COOlputationa a coett1clent ot 
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3.7 x 10-4 is used. This Indioutes that 3.7 :x 10-4 cubic teet (0.00037 cubic 

toot) 01" water w111 be releyed from storage in each vertical column or the 

aquIt'er haT1ng 8 beae of 1 t'oot square when the head ot' the wator is lowered 

1 t'oot. 

!'ran 
Q.uanti ty 01' water that oan be obtained / wells at Indian Heed.. 

A theoreticcl meth~>d tor detel"m1nlng the nature of the cone ot' depre8filon 

orea ted in ground-water bodies by :pumping tram wells has been developed by 
.J 

Thais. The assumed coOOi tiona are not usuc.1ly found iJl nature, and thus the 

J 'lllels. C. V., The a1gn1tlcance and nature of 'tile cone 01' dOpresslon in 

ground-water bodies, E:COn. Geel. Vol. lJCnr, No.8, pp. 889-902, Dec. 1938. 

method 1s not striotly 8.pp11c8ble to nature.l condl tlons. Nevert.i.aless, the 

method 1s 01' value in g1T1llg o.pprox1ma.te results. These resul to, in tum, 

provide Po rensone.bly oot1sfaotol"1 basis tor ost1.m.at1ng the pflrennial yield 01' 

the water-bearing beds. 

The procedure followed in the matb.emntlct1l trea.1ment of the problem, as 

deVised by Thei1~, is intricate and involves an extensivo series 01" canputatlons. 

1~e ~thcm6t1cal discussion and detailed computations are not given in this 

report but the results ore presented herew! the 

Tho water available to wells at Indian Head is derived fran that part of 

the prodp! tat10n on the outcrop area in Virginia wh1ch seeps into the ground 

end percolates down the dip of the we:ter-bef'.r!ng bods. The quantity or water 

o~talnable by wells dopanda in part on the cl'Oas-8ection.nl area of the beds 

through Which the water 1s tran.sni toted to the Wells. Therefore, in order to 

draw water from the m.axiluuu oross-seot101l8l area or the water-bearing beds, 
! 

add! t10nal wells at Indian Feed should be dIstributed WI widely 6S the phyaical 

l1m1ta at the reaorvation wUl pemit. This condition is theoreticeJ.ly met br 

the installation ot' nlls n~ three add1 tional 81 tes along e. 11ne running 
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4e'Yeloped tl"Cm wells on federal pro:pe1"t7 on Stump Neck to the aoutb and on 

nearb7 priwteproperty to the north ot the ~~lon. bu'\ it 1a believed 

that the perenn1nl supply ao obtained would be canpar&'tlvely anall. 

The wells that now aupplr the wator ror 1ft. reservation are designated 

gro~ I in tig'.JN ~ and the stend-by wella near the aeid plant are designated 

group II. tfh,a postulated wells are shown 1n the figure at 81tea III, lV, and V. 

"ells that, regurdla8f1. or location, l1Ul'lber and dl8:l1$ter, ~ equivalent 1n Yield 

and etteot to tho present installation at group I. 

Water-bearing beds tapped b;y the nl1a at. India Bead ore 17m l53 teet 

to 363 teat below 8M level, and 1 t Is believed the.t a dra1MO'tm of 215 teet 

1>e101'f see level 18 about 'the max1m\ln pamiss1ble. Such. a draW&nm would un

-to:, the upper pert at the formation Bud 1'lOttld reduoe the cross-sectIonal area 

cally possible, but it probc.bly would not produce IUl1 g.t"eat additional 71014. 

Canputatlons baeed on the th~tical 1natalletiO'ua indicated in 1."'lgure 3, 

using a coefficiant of trananisalbUlty ot 4,000 end a cootflcient of storage 

~ 3.'1 x 10-4: t gIve the following l!'e.oul ta tor th4t f!'laxtmum. perennial yield or 

.Maximum perennial yield of wella at Indian Head . 
Oroup I It II It n, TIl, ri. V 

MUIlDn 
gallons 
a de7 

Oollona a 
minute '140 
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at 81 te It 222 teet at at te II, and l€rl f'e6t at s1 tea In, rl v.nd V. Tho verts-

t10n IJl tho above :pe1'!lli881bla levols 18 acoounted for 0:1 the d1tterenee in the 

depth to the wat8l"-bear1ng bGda at tho l"espective B1 wa. 

Tha inT8Stt/i!Jl.t1cm a~. that tJ. supply of 12 million gnllon.s a daY', as WftJJ 

obtained. The data lndicate that a 1'X'Jren.n1al ;rield of ~.bout three million 



By VI. D. Collins 

In connecUon with tho atudt •• o~ the qU,8l1t1 t:r of gl"OUllCl wateJ' available at 

Indian Reed, aoverel INinplea 1f&l."Q oollected t:.;r f:l.Mlyaa at the beginning of the 

work in J'u.."le 193'7, end f,Q'l;o'thar series of aampl04 W!Ul taken fran .ruJ.7 19 to 1uly 

?!I, 1958. The results ot tn.aminat1on at the &W..>plea collected in J'uly 1900 are 

given in table 10. 

AllfilY8ee or aamplMlcolle9ted at d1ttSl'"Gnt tim_ from ne1ghbo:r1.ns points in 

1fu71tUIU end Virginia indlcate that the Sl"O'Ulld _wr in a cons1~lo e.l'CiJt1 

aZ'OUndIndbmBead bas about th3 ~ ccmpotJitioD. as the _tel" in the wlls tor 

Which ana.l..y'aea al"!1 giV$l1 in the tablo. This water corr1a.a 1n solu~lon about 200 

pans per million or m1non~ m.atter.Whlo~ consiSts Tar'$' ~ly or &od1= 

111cal:'bonete. Tho onl.y other CCIJ4'ti tlumt t'h'l:}~ trp];)~~~ch{Ba th~) ~Uum 03!' b1CM"'

'bollttte Is the sd.llca. Th9 wa"Jer ht13 i':iract1e~:; ~ l::iardMS~. 

By ab'l.o8t 8.5:1 standru'da the water would. ~ clauad as ~l1.ont tar all 

o:rd1nary uses, so f'fj·r as wch UNa tJ.rG utre--cted by the dissolved ~ matter. 

Annyaes made br the CtOOlogic.al. ~ u.d by others over a oonstderttble periocl 

ot tL"'I'l8 do not ~st any probab1l1'ty of C:l~"n.,::;n L"l. e(lmPt)~1 tion of tnt) water 

turnlshed b1 tho _11s under MY l)robable ~"ll ,')f uso. 

If mQre water muot be UMd than 08D. be supplied by weU3., the ?otc:mac iUver 

1,9 tbe obvious and the only l1l'3cticable 80\l.rO.6 t'J."'OOl 'lYhiC.h to tnke ths add! Uonal 

supply- '!'he (iu.lllity of the ri'1'e1" wtsr during most of t;.U1 t1.we 18 acceptable 

lIl8 1"&~ 1 ta di.lsolvQld ll11neral IDa:t.ter. The _wr 1a, howerter, nearly 3l1ro.;r3 

aut1.'1cien'tl:r turbid. 1;0 require tUtrat10n betoft use in ttle ~otur1ng 

proeasaee. The treatment needed to ;rendo.r ~ river water sllt1atacrtory 't{,r 

~tur1ng oan. Gaa1l7 bo designed to make the .. tar aai"o to drink, even 

thou3h the riTe!' rece1ve8 fral:\ Alaandrtl!l, Vae, wrtl"eated ~ tmd t:r<D 

Wuhlngton. D. C., partiall,. troated M1I8g8. 

! 



!able/D .• --A.nalpes of ground water at the laval Powder Factor7. Indian Head., Jid. 

Anallzed bl llargaret D, Joster Part. ner million 

\fell number ...............•..••. 1 

SIlica (S102 ' •••••••••••••• :...... 42 

I ron ( Fe ) •••••.•.. o· •••••••••••••• .06 

Zinc (2zl.) ••••••••••••••••••.••••• 1.0 

Cal.. c: 1'Q1'1l (o.a.)..................... 1.0 

Uagaeliu. (~g) •••••••••• ~ •••••••• .6 

Sodillll ( Ja.) • • • • • • • • • • • • • • • • • • • • • • 65 

P~tas.ium (ll.................... 2.1 

~icarbonate (HCO) •••••.••••••••• 155 

Sulphate (504) ••••••••••••••••••• 12 

Chloride (01).................... 1.6 

iluoride (F) •••••• ".. • • •••••• ••• •• 1.0 

Xltrate (NO) •••••••.••••••••••.• .41 

!otal dissolved solids ••••••.•••• 210 

2 5 6 1 

160 146 149 155 

g 11 13 10 

13 6.0 2.0 9.0 

fotal hardness as Caco3•.•..•.••• 6.5 (a) (a) (a) (a) 

s 

36 

.05 

.0 

1.1 

.6 

60 

2.0 

144 

13 

4.3 

1.0 

.58 

192 

5.2 

9 12 

26 

.10 

2.0 

1.5 

.4 

72 

2.2 

150 169 

11 11 

5.0 11 

1.1 

.62 

211 

(a) 8.4 

) 

13 

1.9 

5.8 

) 74 
) 

210 

2.1 

20 

.6 

.25 

44 

Date of colleetten (1938) •••••.•• July 19 Ju.!:r 19 Ju.ly 19 July 20 Ju.ly 19 July 19 July 19 July 21 July?1 

IlL.sa than 5 pa.rte per mHlion. 

! 
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The most extensive collection of information on the composition ot the 

Pota:tac River vm.ter 18 in the records of the Dalecarlia til tration plant ot the 

District ot ColUi:lble. Regular analyses of the :nm water as tnken tram the river 

tor trentmen t show the quun tl ties of d1Dool ved and suspended rna tter in 't.'le r1 ver 

above Greet Fulla. Very 11ttle oceurs to chango the content ot dissolved 

mineral matter between Great ]'e11s Il1ld Indian Head, so that the dissolved 

mineral r.lCtter at Indian Head rrmy be n£Hn.l)'::;ed to be practically the sailS as at 

Great Falls, except for periods when the compos! Uon of the water 18 nf'tec"t$d 

regularly made at the Dalecttrlis tlltrat1·:;m plant ware made by Margaret D. 

Footer in 1921 for use in Geological B'lu·.,ey Rater-&upply paper 496, "'!'he Indus-

tri~~ utility ot public water supplies in tho U1l1ted states." These analyses 

were of ccxr.posites of about 10 dtdly samples each. The nTerage end the analyses 

c<>rl'$spondlng to the mmci .. "lUr.l and the minimum hardnda are given in -table 11. 

The Geological survey haS mtld6 no invastigat10ns ot the sanl tCtry cood1 t1an 

ot the river Binee 'he preparatIon of Wate~Jupply Paper 192 In 1907. The Public 
J-

Heeth Servico hes, however, made studies of condl tlous in the river in 1916 and 

e.gain in 1933. Tho results 0'1 these studies w111 be llvnl1able to anyone who may 

have to design a plnnt for treatznent ot the river water at Indian Heed. 

Fro-:n t."epoint of view of the n.eeds of the Nuvf.l1 Powder FflCto1"'J, the Potomac 

River may be c'ntSldered to furnish un inexlwust1ble supply. Ther9 seems to be 

no probability that any possible rutu.re regulation of the now ot the river 

would decrease tho quantIty of water fioWing past Ind10n Head to a point where 

the Q,uenti ty would be 1nIldeqUflw tor tho use ot the Powder Factory. 

The main problOOl w1 th reference to the uae ot the Potomac River water as t\ 

source or aupply 1s the extent to wh1ch the river water at Indian Heed will be 

contemlnstoo with aalt water trcm Chesapeake 1367_ The distance to Which salt 

1J8ter canes up the river depends upon the noll' ot the rivor. the tides, and, 

! 



'fable ll._.;.nalyses of dissclved m1ner<.l.l matter in 
cO!:rpodte~ of 0. .. 01.11,. tamples of Potomac 
River water at 1reat Falls, Md. 

3111.0.a (S10
2

) •••. · ....•.• 

Il'On (Fe) .•........•.••.. 

CalCiW1 (ea) ............ . 

Magnesium (~~g) ••.••••.••• 

Sodium (Na) ••••••..••..•. 

?ctass1um eft) ••••.....•.• 

E-iearbona.te (RCt,;) ••••••• 

Sul';'lhate (SO ) .......... . 
~ 

. Chloride ([;1). " ........ . 

Nitrate (NO;,) ••••• _.0 .. _. 

'total dissolved lllOlt;:l~ ••• 

i'f..ver'~:~ 

Januar~' 1-
tieee:T:'ber 31 

.07 

23 

3.0 

20 

103 

----.--.........-.-----------. 

}.'it'ITemoor 
1-10 

3.8 

.10 

M 

8.1 

3.6 

2.2 

110 

26 

5.0 

1.4 

140 

118 

49. 

March 
11-2r. 

8.1 

.06 

15 

3.6 

2.1 

1.0 

39 

17 

2.6 

3.2 

77 

52 
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to some extent, the wind. No comprehenaivo :studies of th1s question have ever 

bean mado. In col"..noctlon With studies 01' the river made in 1912 by the DureflU 

at ChOll1iatry 0'1' the Depar1ment ot Agriculture, wi th re1~erenco t.o the aa:to 

11m! ts tor trueing oysters tr<r.l the river and boy, the chloride in ourf'e.cu and 

bottom smnplas was detormined on seTaral. occasions. At timos Ii small increase 

in chlorid.e above that no:rmal to the river WBS found nt Ind1t,n need. 

Dete.r."linnti;,ms of chlorIde in the river \'I8wr ha.ve been mAda Rt the 

Chemicfu. Laboratory of the UavalPowder Factor.r at various ti.mles tram 1913 to 

1938. Of eleven oonp165 tested frout 1913 to 192b, only three hod moro than 100 

perta per million 01.' chloride, and the 18rgcst quantity found in any ot: these 

sumplea 'ties 239 parts ~er million. Du.ring fll prolonged period 01: lew water in 

1950 and 1931, tlle chloride content ranged tram 589 porto per million Au~lst 9, 

1930, up through 3,218 parts per million !Sovember 12, Ht;10. Wld to 642 perts 

April '1. 1931. On April 27. 1~31. the chloride was only :59 PEU-ts par roil110ll. 

but in a. smnp10 collected 'December 28, 19:51, it was 1,~9pa.r'ts. 

These scattered observations indIcate thtllt thero is likely to l)6. a period 

ot fit least a few days every yeu when the chloride concentrat1011 1n th~ 1'1"'101" 

water nt Indin:l Hand nll be au1"f1cient to bo objectionable. In some years 

this condi t10n !'la.y persist over severul m.-:mtl"la uuder prelhlu'j; co~ .. di tion:d. If in 

the ru ture SQ'ftC l'O:r;;l of regula tion 01' now should be put in to e:tfact J the lowest 

flow mi~".ht be kept well above the minill'.l1m that will oocur it the flow 1s not 

regulated. 

Mention has been ~;:v,de 01" ~:attnYlornt'J\ Creek as a possible souroe of addi

tional supply. The ohar6cter ot the weter e.t the mouth ot the creak must be 

sbout like that of tho river tor moat of the time. Away from the intl.uence of 

the river the croilk water would be expected to cnrry less dissolved m1ne.rel 

matter and to be decidedly colored. The trea1ment tor use in ::nan.ute.otur1ng 

would not be very different tree the treatment required tor the river \Jeter. 
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At t1:.es when the river water at Indl811 Head 1s unsuitable tor use thero 1s 

doubt as to whether tho creek would i"urnlah e. auttiolont quant1 ty o"t water. 

There c.p;)ears to be 11 ttle chunce for storage ot" wnter froM ~ttn1'fcxnun Creok 

to l'rovtde tor periods of low flow. 

Conolusions end Recommendations. 

The investigat10llS of the ground-water condl tiona at Indian F..end lead to 

the concluaion that the perennial yield fran the wells of group I (Punlphouse 

No.1) 1s about one m.lllion gnllona e. day and thnt the combined pflr&nnial 

and one-half million gallons a day. It additional w1dely distributed walls are 

installed on t11e main station srounds, 1t is likely thet thoperenui81 yield or 
all the mllls Will ba about three million gtillons a day. 

meU(led thnt wells be C (Xlstruoted n t each of t.'1e threo siteG {I n _ IV, and V J 

possibly' at in termedia te pOints:J and 
in tlguru 3 j, and/thut the new wella be of gravel-wall Oot1str'..loUOrl unlft;dS 

C08J.'iJe wntar-banring mil. tar1el 1s encoun tared. The d:rl11L'lg of awl1 tlonal i'fel1s 

the perenni'll yield. The in. crease in yiold that Q,mId b@ obtained b;r drilling 

wella outside the reaorv£~t1on on a.n extan.'Jionof the line co:r.utQC~1ng the P<;)stu-

la·tod ¥fenS at sites III and V, 8.s91lming the geologic nud hydrologic condItions 

to be the same a.a thasa at tho reservation, would be proportlone.toly somewhat 

leaa thtu the increase in the leng+..h ot the lin~ connecting tho wells. 

Because the ground-water supply 18 inadequate to meet tho demand in the 

event thnt mrtnutectl.1ring oporations are grefttly expt'.ndod, consideration should t . 

be g1 'Ven to pllma for the use ot 8'..l11."ace 'We. tor. The 1'0 tonne .Hi ver would furnish 

wnter in suffioient quantity- for all needs. However, tho river Vltlter is at 



t1mea 80 high in chloride as to be unit t for the desired use nt tho factor.{. 

The periods of' high chloride ftppe.rentl,. range from only a tmr dnys to several 

months, aD in the exceptionally dry period of 1950 nnd 1951. If' ft surfaco-

water aupp11 1s Installed, 1 t wlll, theretore, be necooSbl"y' to !!W.ke pr?'fisian 

tor periods or high ehl,;)r1de. 'The following morula tor nleeting those emergency 

comU tiona may be consideredl 

3. St01"flgG of wat~r ~ welJ.s or tran the river in reservo1ra 

4. Dilu.tlon of river water when 1 t 18 objootionably high 1n chloride. 

practicable. 

Should 6 supply :f:t'ooi the f'otcmeo RiTer be 13eriV'JWlly eona1da1"Od. an 1nves
water 

t1~t1on should be mae of the chmllicm.1 character 'Of the rlv01f. In order to 

1~r-i1 the 1"01et1on betwe~'n river tl1acbarp and the amount ot BEilt-wa.tar eon-

~ 8nd down tt;$ l".1ver. An inTcot1gntlon of' the movetllent or salt water Will In-

river at points wh.ore there is fJJppNc1nble 8alt-m'el't~r eontuf.tinat1on, tmd ctU>e-

ful studies to determi!l6 proper polntD tm: continuoua samplIng. 'l'h.e sal1n1 ty 

8Ul"Voy would be OOIJded elso t-Q dotermine the moat edVfl.ntagmms plece for the 

intake or tntrureo as 1;0 their posi tlon in the croas-aect1on and eB to their 

d1stance Above Indian Hood. It' the Me.ttawoman Croek 18 considered 08 a SOUJ'Ce 

of supply. 1 t would 'be d801rsblo \0 lnnall a gegtng stntion on 1 t and to make 

t 
• aeries of rov..lyueu of' canposltes of' delly semple& of water. 

It 1s l"6co~d that th.e recording gages installed durin'g this Invoati-

sation be continued in opornt1on indefinitely and tlult records of' the quantity 
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Computation ot coefficients of tran&nissibU1 ty 

and storage 

Teat ot well 11 ot Group II 

Detel'm1netian o~ coefficient at tranamiss1bil1ty 

Thiem method.-It 1s theoretically possible by means at the Thiem method 

to d.etermine the transmi se1bi11 ty of an a~1ter f'l'om observations of the 

drawdown produced in two Yells sltuatod et dirterent distances 1"'rom a pumped 

well thet penetrates the ssme aquifer end discharges at a known rate. The 

equation tor tranani8aib111 W based on. the 'rhiem method 1s as follows: 
l'n 

T.. 52?? Q 10%_ 
Z,n-Zm 

T 1s the coet~1c1ent ot transm1ssibility of' the aquifer, in gallons a day tor 

each foot ot w1dth of the aqu1f'or.. It 1s equal to the product of 'the coett1-

olent of :permeab111 ty' bY' the thickness of the beds. 

Q. i8 the pumping rate,~ in sallons a minute. 

I'm. and rn are the respective distances of the observation wella :trail 

the pumped wells, in teot. 

The derivation of the above equntion and the method of its application 

!I 
have been discussed in sonG detaU by Nenzol. 

The Thia11 equation is based on the assumption that equilibrium haa been 

. established in the sense t.hat the lowering or the water levels in observation 

wells 1n the Vicinity of the punped nll 1& proceeding at easent1all,. a 

unltOIm rate. In computing the 4rnwdown produced in 88ch well by ptmtping 

"11 11, only the tlrst o't the two periods o-r the test 118.8 considered.. Pumping 

began at 1:22 p.m., on J'uly 11, am by 8:40 a.m., july 15, equil1brlu:u W88 

YWonzel, L. K •• The Thifm method tor determining p0l"1l1eabll1 ty ot water-bearing 
materials and 1 ta oppllcation to the determination ot specl't1c yield, roaul ts 
ot lnvestigations in the Platte River Valley, Nebr.,vWater-3J.ppl1l?e.per 6798.. 

• (.l,S. C-h/. SuY\l't 1 • 

.".:". ,,".:. _: r 
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reasonably well established, 80 aa to perm1 t application or the Th1~ method. 

At'tar that time, howeT8Z', equilibrium. cond! tiona were disturb6d by the sudden 

increase in the pumping rate. '1'heretore, in applytng tho Thiem nethod, the 

d%'8W'4orm produced in any well was considered to be the d1trerence between the 

altitude or the water level at the beginning and at the end ot the tirst period, 

and In c(IllJlUting the c~ic1ent O't transmiss1bll1 t:r, e Tame ot G4.8 was 

used tor Q .... 

Table 12 gives tho drawdown observed 1n each ~ the tour obaer"IUtlon wells. 

and the canputations ot coerficlantu of tranaroisaibi11ty tor all poSsible oan-

binaUons ot the observation 1IIlit118. The average ot the 'ftluea ot transaissi-

btli ty thus detem1ned 18 .oan to be 2,310, which metma that when the hydraulIc 

gradient is un1 ty' the now through Ii vertical strip ot the aqu1f'er one toot wid., 

would be 2,31.0 ~llons a dey. 

ThaiS recovm method.-?ihen the plll1Ip on a well i8 shut down, the water level in 
at a. 

t..'le well riDes-rap1dly at tirst. and theii!continually decreasing rete. 

Well 

10 
12 
14 

4, 

m 

10 
10 
10 
12 
12 
14 

Table 12. Data obtained from the punp1ng teat on well 11 for determining 
the coef'f'lcient ot trnnStnisa1bUi ty by the Thiom oethod. 

Distance trom. Al U1;Udo ot water level, in teet. 
pumped well (datum mean &eo leTel) llrtnftlmrn f 

(No. ll), lilt 1:22 p.m. at 8:40 a.m. in teet 
in feet Jull 11a 1938 Ju1:£ 15. 1'938 

25& -69.96 ... 85.45 15.49 
356 -67.05 - 78.73 11.68 

1,000 -55.33 - 59.94 ·~h61 
2,050 -135.97 -13'1.51 1.81 

Wells Coef'i'icient of 

n rn/rm L°S!Ort!rm (Zm -Zn) transmiss1b111 ty 

12 1.M 0.143 :5.tn: 1.!eO 
14 4.22 0.626 10.88 1.970 

4 8.00 0.903 13.t58 2,250 
14 3.04 0.483 7.07 2,340 

4 5.76 0.'761 9.87 2,54.0 

4 1.90 0.279 2.80 3,410 

A..:. 2 1310 



The differonce bet'nuon the rae overing water level at e given instant af'tor 

shut-down end tiM static water lavel 18 temed the "reslduaJ. drmrdOWD." 
J 

Theis hea shown thet the trn.'lani8S1blli W of' the aqu11"er m.ay be detem1ned, 

J Theis, C. V., The relation botween the lowering of the piezometric surtace 

and the rate and duration ot discharge ot 8 well using ground-water storage, 

Transaotions Amer. - Geophyalcnl. Union. 16th Ann. meeting. pp. 519-524. 1935. 

The Significance and nature of the cone ot depression in ground-water 

bodies. Econ.. Geolosy. Vol. XXXI!I, pp. 889-902, .!:.Qc., 1938. 

Wi thin certain 11m! ta, by plotting the residuel dre.wdown Bgl'11nst the log at 

,the ratio between the t1mo elapsed since pumpin!!: started end the tWa elapsed 

8ince pum.plng atoP1led. The 8cpl8tton expressing the coeft1ci$nt ot trena

misslb111 ty 8S a tunctlon of these tactOrB 18 6S tollows: r ., 264 Q. 10810 it 
Z 

where T 1s the coei"tlcien t of' transmisslb111 ty, as before; t is 1;;;'le time since 

pumping started nnd t' t..:"e tLoo since pumping stopped; Z is the reSidual 

drawdown, in teet; and ,~ i8 the rate of dIscharge of the well botore ahut-down, 

in gallons a minute. 

As the length of the pumping :period WWJ 5,879 m1nu tea, the tune Since pump

ing atsrted (t) is 5,879 + t'. 'l'he overage rate ot d1achnrge fran the beginning· 

or pum.plng until al'l.tt-down, covering both periods ot the tes\~Je.s 67.1 gallons 

n m1nu te. Thus, T. 17,700 lOBio 
Z 

5.8'79 'f- tt 
t' 

As pumping 1s continua~ly in progress at Indian I1ena, static _tar level 

could not be detorn'.J.ned. Therefore, the following modified rom of the equation 

18 used: 17 700 hog 5,879 + t,t - 1o~O 
T. ' L 10 ti Uk 

Z2 - ~ 
If' t' and t' are DO chosen that 

1 2 
5,879 .. t':~5,879 + tt21 

ttl ta J 

~.879 .. t''''~ 
t' 2 

then for such Vftlues the coe.1"flclent ot transn1aslbl11 ty tT) becomes 17,700 • 
~-ZJ. 



The coefficient or trnnanlss1blii ty may theret'ore be detemlned by use 57 
or the gl"f!ph shown in fIgure 14. In tMs graph the coetf'lc1ent ot transruissi

. bUi ty 1s ttqual to the horizontnl projec~lon (Z2 - Zll ot that pert ot the 

straight lin., 4nnm through the plotted ,oints which is intercepted, tor 

example, by the lines tit' ., 1 snd tit' ... 10 (or 10 and 100). 

The observational ilAt.tl reaul ting from the wet on well 11, B..8 given in 

table 13, are shown in figure 14 by a solid line and the dashed line therein 

is the meeD curve. The d1f'tezotmce 1n residual drawdown, ~-Zl. to be used in 

,the formuls, 1s deter.nined by measuring the intercept 01' val.ues of tit' 01' 1 

and 10, or 10 and 100, l-espoetively. It l:.apnena that the value ot Zz - Zl. 8.8 

thus dotermined, 1s about 10. Substituting in the equation 1"','100 , the coef'tl
~ - Z'l 

clent ot trensm1.as1btl1 ty ('l") 18 ea:aputec1 to De 1,7'10. 

Determination of cooff'lcients of trenan1SS1b1l1ty 

and stonge by graphical method. 

-' t~e1s, c. V., OPe Qit. 

shown thnt the drawdoWll, Z, in feet, at 8 point r faet distant f'rorrl 0. well 

which haS been pumped tor t.. days at , constant rate of Q. gullons a minute may 

be determined trom the formula: 
Z. 114;5 Q. 'Ii (u} 

The faotor W (u) is designated the "well tllnctioo" by Theis and 1s equal 

to -0.577216 - 10!:aU + 11 - u2 + uS - u4. •••• The a,mbol u equals 1.87 r2 S. 
27i1 3.'!/ ,-:;{ . Tt 

Whero the symbols have the 88DJB meMing rut previously, and S 1s the coef'riclent 

ot storage. Tho coert"lclent ot store.ge 1s 4e1'1lled as the "fol.ume ot water, 

mee.sured in cubic teet, released trom storage in each column ot tho a<vrlter 

having a baae 1 toot square when the head ot tho water 13 lowered 1 toot. 
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TlLbl·,13. Determination of co.t!1~ient ot transmiaaibl11ty trom 

recovery ot thewa~9r lovsl 1n well 11, July 15, to 19, 1938 

Altitude ot d.8l1idual Time sinco 
Oa.t. Hour' water level. dra_down, pumping 
U3U in teet, -at at (),ped, 5 2819 -t t' 

datum 1l18liUl in teat t' in t' 
s.a. level minutes 

July 15 3,21 y.m. 0 
3,23 -10'1.61 36.95 2 2,940 
3124 -103.27 32.55 3 1,9c'1 
3a2'1 - 98.57 2'1.85 6 981 
3:30 ~9".10 2&.38 9 654 
4100 -91.88 21.16 39 152 
4,30 -89.'12 19.00 69 86.2 
5JOO ... 88.24 1'1.52 99 60.4 
5l3O -8'1.04 14.32 129 45.5 
6,00 .. 86.ll 15.39 159 .. 36.0 
'1100 .. 14.65 13.t3 %19 26.8 
£hOO -63.55 12.83 219 22.1 
tlOO -82.60 U.88 3J9 18.3 

10,00 ... 81.80 ll .. 03 399 15.'1 
11.00 ... 81.20 10.4S 459 13.8 
12,00 -80.60 9.68 519 12.3 

16 2,00 a.ln. -79.15 9.03 639 10.2 
4,00 ·19.08 8 .. 36 '159 8.75 
6;00 .. '18.52 '7 .. 80 8'1~ ".69 
1!a00 .. 18.01 '1.35 999 6.89 

10:00 -1'1.65 6 .. 93 1,ll9 6.25 
12;00 ... 7'1.29 6.5'1 1,239 5.15 
6;00 p.m. -76.38 5 .. 66 1,599 4 .. 6'1 

12,00 ... '75.10 4.98 1,959 4.00 

17 lh;)O a.\'II. -75.14- 4.42 2,319 3.54 
12,00 m. -74.71 :,.99 2,679 J.20 

thOD P .lli. -74.3.3 3.6l l,OJ9 2.94 
12aOO -14.01 3.29 ::l.;j99 2.73 

18 12:00 :n. -73.50 2.76 4,ll9 2 .. 42 
12:00 -"13.13 2.41 4,639 2.22 

19 12,00 Ul. -72.83 2.11 5,559 2.06 

'., .. "-. ~ :.-. '." ' 
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J 
Values ot W (u) are 8'V'fl1lable in tabular tom tor B l1m1 ted range of the 

argument, Where the ~Ue8 to be used 8l!'e those given tor E1 (-x), with the 

a J Sm.i thIKm10n physical tabl ... 8th 1'8V. ed. •• table 32, 1933, .T~hnk8 and 
ill 

&lde, Funktionentjl>teln. 2nd reT. ed., PP. 83-85, 1933. 

r-::\ 
sign clumged. Values ranging f"rom u • 1 to u • 10-7 have recentl,. been 

c:t<X:lpU ted by C. E. .1 acob. 

Inasmuch na the above equation takea into CQWJlderat10n the factor ot 

ti."':18, it 18 a ~non-eGU111br1t1n" eqa.a.t1on, in contrast to the Thiem. equation, 

which assumes that "he p1~trio surface haa eaoontlelly an aq,uUibrium torm. 
d 

By meens or a graphical me thod "evtsed by Thou, the llOn-equilibrium 
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J Thets, C. V. t Memorandum on IndIan Head 1uvest1pUon as 1n'terpreted accord
ing to pumping test 1"ormulae, unpubltshed m.enulJOrtpt, FlIes ot G001. Sll1"Tey, 1938 • . 
equation 1s app11ed to determine the coet:f'lclenu of transmissIbIlity end storage 

from water-le'V'el obsormttona in one or more or the wella. The method consists 
tor eo.eh 'fIell t 

primnrily ot plotting, in losarttbmtc coord1nates,7thtl voluca or the ob~ 

drtmdown BeJ'ltnBt corresponding ,,8111&8 of f=.. The curves thus obt&lnc are 

ntewhad witb 8 "typo curveN
, Which 1s a gre.ph o-t the "well i'unctlon." f!(u~ , 

agn1nat corresponding VDluos or u plotted to tho 88m. loger1 tbmlc scale. 
14 

In tables 14 a, b, 0, and d, 'VAlu_ of ~ are g1~n 'tor wells 10, 12:7and 

4, respectively. These date. are plotted in figure 15 and ere based on points 

taken at various intervals from the corrected dra1Idown curves shOwn in figare 6. 

The Vw.uu ot the eoe~rlclenta or tranamissib1l1 ty and storage be.sod on 

the data tor th.o respeotive wells are shown in table 14. The aTerage vnlue of 

the coettlcicmt or trsnan1aslb1l1ty 1"8BUlt1ng trau the application of this 

1!I8thod 18 2,590, and the aTeftlgfJ 'I'8lue 0'1 the coefficient or storage 10 4.42 



.. 

Table 14:_ Detern1nat1on ot goettlc:i.nts ot tnmtJtA1se1b111ty and 
.tor...,;_ by graph1<J&l. m.tthol{ 1n.,!)1.,ing &I.;>plicatl.on of 
nlolft-.qu111bri:w _'luati'3ft. Test on \foll 11, J·.J.ll U 
to 15, 1'38. 

t1",inta r.prelJOntini{ ont tit or Coett. o! \lueft. of 
CIAl""nta to typG ClU""A tr8JUAd \.l 6- trtor~ 

lld.l1t;r 

~.ll raft ,,·~~t \l iI(U} T 3 
(UOS) -4 

10 0 .. '21 l.a.G 0.01. 4.()S 2,510 2.14 .x. 10 

12 0.582 10.0 0.02 3.3~ 2",,500 4.51 

14- 3 • .,2 4.00 0.20 1.2a I,:rro 6 .. 55 

.. l4.80 1.10 0.40 0.10 3.,000 4 .... 11 ... 
A.,..%". 2.5'W 4.42 " lO 

.. - -- . . . 

-. ~ . 

60 



14 61 
Table a. - iiell 10, 1"2 = 65,500 

Al"ittAde or ~ Binca Draw-
Data Hour" watllr leva.l. in plJl71ping b.gan, r2/t dOWlll, 
1938 teat, datwa mean t. ill days :M:;" .M level in t •• t 

.lu.ly 
11 L 2 p.". -72.79 0.026 2,520,000 2.83 

-74.63 0.065 963,000 4.67 
·'5.70 0.109 600,000 5.74 ~'22 p .... 
-76.45 O.lSl 434,000 6.49 
-69.96 0 0 

6 ·" .. 10 0.193 339,000 '7.14 
12 ·79.34 0 .. 443 148,000 9.38 

12 , a..m. -so. 61 0 .. 693 '34,500 10.65 
l~ _. ... tU .. Sl 0.M3 69,500 U.5'1 
6 pet'll. -82.23 1 .. 193 M,9QO 12.27 

12 ... 8l.80 1.443 4:),400 12.84 

13 6 a.m. -83.2'1 1.693 38,600 13.31 
l2 ~. -$3 •. 6'1 1.943 33,100 13.'11 
6 p.il1. -$4.02 :,{.19J 29,900 U .. 06 

l2 -64.32 a.443 26,300 14.36 

14 6 a.m. -M.59 2.693 2.4,300 14,,63 
12 m. -M.82 2 .. 943 22.~Q 14.86 

6 .,-n. -85.03 3.193 20,500 15.0'1 
12 . -85 .. 22 3.443 19,000 15.26 

lS IS e..m. -85.:58 3.693 1'1. 'TUO 15.42 

........ -
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'1'ao1. 14ib~.11 12, r2 : 146,700 

Altitude of 1'i.mo !.linee 
.. 2/t 

Dru" 
~te Hour _tor lOV0l, pwapiag be- clown, 
1938 in £fJ8t, 4atum ian, t, in ~ 

mea.n 8lja lBysl days in roe~ 

July 11 ~~ p.m. 
-6'1.90 0 .. 026 4,8'10,000 O.8S 
-68.1)0 0.068 1,860 .. 000 1.SS 
-69.65 0.10'3 1,160,000 2.60 
-'70.2.2 Q.151 839,000 J.1'1 

ll22 p.m. -67.05 0 0 
6 -70. "'~2 0.193 656,000 3.65 

12 .. 12.S7 0.443 Z36,OOO 5.62 

12 Ga ••• .. ,.J.el 0.$93 lS:J,OOO 6.76 
12 In .. -74.63 0.943 134,000 7.58 
, p.m. ·'75.28 1.193 106,000 8.23 
1a -1S.81 1.4",,3 81,800 8.'16 

13 6 a.Jf.I. -'h).~8 1.693 '14,800 9,U 
12 Iii. -'6 .. 67 1.943 6S,1()O 9.62 

6 p.L .?., .04 2.193 5'7,;800 9." 
12 -'11.3'1 2.443 51,800 10.32 

14 6 a.,m. -'l1.6Y 2.693 47,00t) 10.62 
12 m. ..11.'95 2.143 4,3,000 lO .. 90 
& P"YI· ... 78.20 3 • .1.93 39,'00 11.15 

1.2 ... '16.44 3.~3 36,800 11.39 

11) " a.m. -'78.66 3.693 34,300 11 .. 61 

... '111 " • - -........ . 



140. 
Tall!. '4ell 14, r2 : 1,166,000 

63 

Altitude of Tima line. Dra'¥J-
Date 

., 
Hour wat+u' lev:;)l, :pum:p1n;s be- (,"It dO'ftl, 

19j5 in tHt, dAt- gan, t. in ~ 
um 08Wl Sea day. in teot 
laval 

July 11 [2 p .... -55.39 0.026 44,,800 ,000 0.06 
.3 -55 .. 46 0_088 1'1,100,000 0.13 

t22 p.". 

... $5.52 0.109 lO,700,{X)O 0.19 
-55.60 0.151 '1,'110,000 0.2'1 
-55.33 0 0 

6 l"I~. ",55.''1 Q.193 fl, ()4.0, 000 0.34 
12 ... 56.08 0 .. 443 2 ; 6.:JO. t 000 0.#15 

12 6 a..m. -51.;'48 0.693 1, tU10 , 000 1.15 
12 $. -5.6 .. 86 0.943 l,MO,OOO 1.53 

''P-m• ... 5'1.22 1.1t3 976.000 1.89 
12 ..51.51 1..443 008,000 2.24 

13 6 &.m. -5'1 .. 89 1.693 689,000 2.56 
1:;; m. -sa. 19 1.K3 400,000 2.86 

6 p.m .. -56 .. 47 2.193- 53~,OOO 3.14 
12 -53.'12 2.443 47'1,000 3.39 

14 6 a .. l'J. "'58.91 2.693 434,O()O 3.64 
1~ _.m. -59.21 2.943 396,000 3.88 

, p.m. .. 59.43 3.193 365,000 4.10 
12 -59 .. 63 3.443 338.000 4.30 

15 e a.m. ... 59.85 3.693 316,000 4.52 

f 
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Date 
Altitude 01 Time since !)raw-

1938 
HoW' water 1e.,01. pu1YPin~ be- 1"2/1. lio'm, 

in I •• to, 4 .. "\- gan. t, 111 ~ 
UJa mean te. dllY_ 1n teet. 
level 

July 11 1J22 p.!!t. -13!>.97 0 0 
e ,,.~. -13S.99 0.193 2'1 ,OO{J, 000 0.0" 

12 -136.06 0.443 11,100,000 0.09 
l"~ ... 6 a.m • -1.36.1'1 0.G1)3 ',500,000 0.20 

12 o!l. -134.JO 0.943 5,520,000 0.33 
G p.~. -136.44 1.1'3 .. t i.HlO,OOO 0.47 

12 -136.60 1,443 ;3 .600 , 000 Q.63 

13 6 a .. m. -134.14 1.693 3,010,000 0.1'1 
l~ m. -lJ6 .. 39 1.M3 ~,6a(),OOO 0.92 

, , .. m. "'131.02 2.193 2,310,000 1.05 
12 -137.14 2.443 2,130,000 1.rr 

14 6 a.ru. -13'1. 'l:I 2 .. 693 1,910,000 1.30 
12 iEl. -137.40 2.94.3 1/110,000 1.43 

G p.m. -137.52 3.l93 1,630,000 1.55 
12 .. 13'1.43 .".443 1,510,000 1.66 

15 6 a.m. -13'1.76 3 .. 693 . 1,410,000 1.'19 



I 

1 

I 
i 

f 

I 
I 
~ 

Testa or wells ot group I 

Tho equatiQns used in detem1n1ng coettlclenta ot transm180ibUlty end 

atorage are baIHMl on the 88samptloD tha't 'P'JllPage 18 maintained at a constant 

rata. When such i8 not the C88G. corl"eOtiona must be made to weight the 

G.J 

pumpage to detem.1ne "et'taetlvo awregert 5te8 Which m1&ht then be applied to 

wator-leTal measurements li.U1de during a teat to determine ooefficients or trans-

mies1bl11 t7 and otornge. 

luring the t 1.rDt period ot the teat on 1rells ot group 1 the pum.page rete 

and theretore the average ate may be considered to 'be the "e1"1"ectlve aTerage." 

tbwevor, during tho seoond period or the test the rate ot p\.1m1)ing decl.1rJ!d 

trc:m go7 sallonD perll1mu to at f1:rat to 753 pllons pGr milmW at the clo.n 01 
end duri~ the third period the rate increased from an in! tial 
tfie ~8't rate or 083 gnlons j..18l"Minuti to a iriiX1#ti\ of 728 Pllons per minute 

punplng tor thfJSe periods were, tb.eratore, computed by weighting the pumpage 

according to time and by taking into conaic1efttlon the ettect of change in 

pumpl:ng rate on the drnwdown ot the water levol in ... 11 10. 

Tha effoctive average rat&s of pumping tor d1tt'erent pC"iods are shewn 

in colmm "~" of table 15. 

L~ter.::d.natlon of coetficient of' trnnsm1saibUl ty by the Thiem method. 

AccordIng to tho Thiem equation, the ditterencc In dra'lldOml, in teet. in 

two obaerfttion wells located 1'h1 and 1"Jl teet trClll a pumped well 18 shom by 

tho following equation: 52'." q lo~O !i!. 
zm - Zn .Tm 

t , 

j,v.)u·r4 Q 18 the rate of dischargo at the punped ... 11, in gellons a minute, and 

where T 18 the coef"1"lc1ent at trmlBm1aslbill ty as prevlO'.lSly def'1nod. 



the 8pproxl1nste geometrical center ot the pumped wells ot group I. Values 

of T computed :tram drawdowns measured st 8 a.m., June 20, flIld at 11 a.m.., 

June 30, are given in table 1511 end those com.puted from drawdowns measured 

at 11 a.m., .Tuna SO, and 1:22 p.m., July ll, in table 16b. The average ot 

the computed coerf1c1enta of trnnam1aG1bi11~ 18 2,560. 

Determination ot coetrlcionts of transmissibilIty end 

storage by modlf'led graphioal method. 

It' a well is pumped at 11 eonste.nt rate c:4 ~~ gallons a minute, the d1-awdo1m 

in a well J' teet distant :tran the plDped wel.1 follows the relationship 
114.6 9 /l.s7r2s\ 

Z • T W (- Tt 1 

where t is the time in dars s1IlC$ pumping began end 'the 0 thaI' factors haVe the 

aeme meaning as pre11.ously. 

It aner a certain time the rate of' pumping 1a inst.anta.neously increased 

by a tin te emount 6. QJ. andma1ntained at the eonstant rate (Q /lQ.V, a second, 

lower 11nib of the drawdown curve 18 obtained which tollows the relationship. 

11&1'8 t' is the t1r"..e o1npaod since t..'1e 1.n8tantaneous Change in p!%llptng rate. 

rt the rate of' pumpIng 1s again Inereaud, this t1llle by 6 "2' and 1s main

tained ot the constant rate (Q. +d,\ + d~). e th1l'd 11mb ot t.'le curve is ob

tained which follows the relationship: 

11M W (1.a~) 115 L\.Q.f .' 1.a7r2s) 
Z • T T-t + T 'Tt' 

1fbare ttt 1s tho 'tt:lle elapsed .mee the aecond obmlgo in pumping rate occurred. 

67 
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Tabla 15. DetemiZ1!ltion ot ~ff1i:l!lut 01" trttn.8m1.:5s1b1l.1 t;l by modU'tad 
ThieM m-.thod. rast on welle of' group I, J'U!le 8 to J'uly' 11, 1936. 

Well 10 11 12 14 

r 2,120 2,190 2.310 2,930 
I 

l'°f1..0r 5.326 3,340 3.364 
I 

3.461 

Dltt4 llour : Ii LlQ, " 1938 : 
~z z .Az z Az I z Az 

! i ! I i 
- 'ne a I 8:00 a.m. i 

1_ 110 I 644 
8:00 a.m. +130 61.13 61.49 f>7.77 46.77 

744 ... 11.M +11.~ +11.41 +8.73 
1un.e 30 11:00 aem. .. 66 "12.417 73.08 69.18 55.50 

'108 - 2.51 - 2.35 - 2.13 -0.17 
JUly 11 1:22 p.m. 69,96. 70.'13 67.05 55.33 

Table 1&. DrawdoWl1s measured at S a.m. June 20 alld at 11 a.m. June 30. 

1'1el18 CoelY1c1ent ot 
m B lO~ r /r (4z -dz } tranami ss! bili ty 

o n{~ n m T 
,,~ .. 1 

- 10 14- 0.141 2.61 S,700 
11 14 0.127 2.00 3,050 
12 14 0.103 %.68 2,1340 

A.verage 5,130 

- Wells 
1.o~c!n1rJ1 (Az - zAl 

Coefflelent of 
In n n n. tranSfl'll sath!ll t"'.! 

T 

10 14 0.141 2.34 2,100 
11 14 0.12'1 2.18 2,020 
1? 14 0.103 ~.O6 1,830 

Average 1,980 , 

Average ot t,.~e 8iX cccputatlons - 2,560. 



The bMe data obtained tram the teet or wells ot group I ere plotted 

1ll '?'1enre 10. The nu::1sr1Ctll Taluea tskon :trom the curvila 8l'e show in 

.C· tables lea, b. c, d and. e tor the respective wells. The data tor the 

eecoll4 pc1.od ot the test are plo~ logan tlmicnl17 in figure 10 and the 

usual procedure 18 tolland in matching these curve. to the type curve 

discussed on PP.5'1 • Tabl. 16 g1ves the coord1l1tltea ot the palnta Which 

represent the best t1 t ot 'the several. curves to the type curve, e.nd 'the 

ooefficients of transmisslb111 ty and storage are obtained therefrom. 

'!he average of the coefficients or trensm1&slbl11 t;y derived tram the 

second period ot the test i8 4,210, and the average ot the coetfic1ent.s of 

.t~ 18 3.75 X 10-'. 

,' .. ~ -.~. '. .- --:. 
;,' ~ - .. .,.;. ",' ... ' ,.:.... 
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1'able 1&. J.ton'.'l1.a ... ticn nf c<>ttl'fiGi·.rnl:.a ·Jf t.:,:..:.n3r:1':s~iibi1.L t., and 
:It.onl.oii3 bY' !:lo,jiti~,i $rrJ.;1hic~~i. ~,tlItl~o·i. .;€tO .. inJ p0S'"'d).! of tast onioll~ 

~t ;;r';.up It ,funs ~~C t) JG, 19.,0 

P'lin-tli ,"'lpl"a36nti.n,;~ O!.hlt ';o6ltlclant i)f ·';oott'1;;illni of 
~u.rVIlt:3 1.1) tV'J(f eurYo tranmUi31..1ibidt.y atol"~'r;o 

II u. t 'iV(u') '1' 
f~t or." 
r /t' 

(xl06l ___ • ___ l.:::.:=.::;.._.L.I.-______ .• _______________ .. _____ • ____ _ 

10 
.l.l 
12 
).'" 
14 

0.025 
0.660 
0 .. (,50 
; .• 6.~ 
1.83 

.. 9.2.! 

.. 9.4:\ 
-\).4.; 
-4.14 
-} .1.:19 

0.1 
0.1 
0.1 
0.3 
0.)5 

1.32 
l.e2 
i.a:.! 
~J. 90S 
0.193 

4~lSO 
4,080 
4,06'<1 
~1 ~t fl~'lO 

it ,.i.·aLl 

-4 
.'i.55 :It ].0 

.;.29 
4.,;.:) 

·'.~7 
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,...; 
r-

11ate 
1938 

Table l6e. 
Alt1tude of 
water 1~V0l 

Well 10, 112 :: 4 .. 49 A 106 

. -----.. --~-- Al tlt"ud'; of 

,(lz 

Time 
-t, 

in dey" 
w:t;. Llz 

weter level, 
in t"t. 

from .econa 
limb of 

Drnwdo;m, 
~'T.', 

i.n 'feet 

T in:f) !'11 nc e 
ohenr,e in 
rate of 

l:Urlr·ing. 
t· • 

r
2/t' in feet, 

~t a &.!!" •• 

datum Ptlan 

sea level _____________ cn.u;;;; •. g:~!e.u . .. ___ in ~WJl::.._ ____ . 

June 8 
9 

10 
1.1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
~2 

23 
:;4 
25 
2G 
27 
29 
£9 
30 

-[,1 • .:13 
-53.M 
-:55. ::15 
-56.57 
-67.57 
-58.37 
-59.m~ 

-5Q.60 
-00.08 
-60.48 
-60.77 
-60,97 
.. 61.13 
.. Ill. ~'1 
-61.39 
-(H.4~ 

-61.58 
-01.66 
-tH.73 
.. 61.79 
~Gl.85 

-$1.90 
-61.95 

2 .. 1:3 0,,5 
l.G~ t.5 
1.52 1".5 
1.00 3.5 
.eo 4.5 
.66 15.5 
.67 6.5 
.43 1.5 
,40 8.6 
.29 .9.5 
.eo 10.6 
.. Ii 11.5 
.14 1~.5 
.12 13.15 
.10 14.5 
.OS lti.6 
.. C13 16.5 
.07 11.5 
.06 18.5 
.00 1~.5 
.05 20.5 
.05 f:1.e 

_1..07 
;':'.$4 

Z.30 
;:·.50 
~.ee 

_ ~;.e3 
_3.'11 
_~.00 
_;3.40 
_;?75 
_2.10 
_1.0.4 .. 51.13 0 
_1.70 -63~.O1 1.80 
_J .. 57 -05.M ;3.95 
_1.4e . -f3? .O~5 ts.54 
_1.;.$5 -e.9.30 {}.72 
_1.27 -e9.36 1.69 
_1 .. ~X) -·70.R4 H.ol 
_1.14 - 10. tJ;3 '~1,,14 

_1.08 -'n .·4'1 9 .. 62. 
_l.O!! -11.'J7 10.01 
_0.9S ;Ioo?~;~.4.rl 10.46 

-------_._--_.-.. _ .... _,_._-"'-- -_ ... , -~-.,. .... --, .. ~--------------. 

0 
1 4.49 x 10 
2 ~.24 

3- 1.496 
4 1.121 
G 0.897 
6 0.746 
7 0.041 
9 0.560 
9 ().49S 

10 O.44~ 

--,"-,."~~-. 

.... 

6 

. i .. 



N 
r- Table 16 b. Well 11, rl? = 4.80 x 106 

---"~--Ait1tUde of--------- "ltl-tide 01: - ---Timtl -~inea---

-.rAter lnel Tbne water leftl, DrmfGolm. eh\!m~e in 
in tget t t' in feet. -z't rote ot D6tO r2/t, 

1938 -nt8t1.~.t -~~. indoy-a -t'A: trcrn~ellond 1nteet pumpi~1. 
datU!\) Yl"\!en limb of t' , 

_."." __________ t'c~_.!~~L-~-_ __._,._~~_ .2. _, ____ ~!!t~_,~_""'_ ... __ ~. ___ in l'l.%y tl 

June a -51.40 
9 -53.00 l?18 0.0 1.09 

10 ~55.31 1.13 1.5 2.60 
11 -f}~.t>7 1.56 2.5 3.40 
12 -57.74 1.07 3.5 3.75 
13 ·:59.60 0.86 4.5 S.67 
14 -59.01 0.71 5.5 3.91 
15 -fi}.1.84 0.55 6.5 3.45 
16 -60.:32 0.48 1.5 5.60 
1'7 -fm.?S 0.41 8.5 5.49 
18 -G1.05 O.Z:! 9.5 3.04 
19 -fll.i'SO O.m') 10.5 :.?G3 
20 -61.49 
~1 -61.64 

1".19 11.5 2 .. 19 -61.49 0 0 - & 
0.16 u.e 1.92 -aa.51 1.a7 1 4.00 'X 10 

£2 -61 • ..,' 0.1::1 13.5 1.74 -55.78 4.01 2 f.4.0 
23 -61..88 0.11 14.5 1.0.0 -(\1.48 5.60 3 1.50 
24 -61.99 0.10 15.5 1.4? -66.70 6.80 4 1.20 -", 
e5 -6n.01 0.09 It';. 5 1.4D -0'2.S7 7.00. 5 O.vGO 
FO -fUa.15 0.09 17.5 1.3': -70.'76 6.61 6 (\.800 
P.? -Bt.r2 0.01 18.5 1.25 ~71.4S ~.!a 7 0.605 
29 -,,~.re 0.06 H.5 1.19 -72.07 ~.19 e O.Goo 
29 -e~.S4 0.06 1:0.5 1.14 -72.fll lO.2.,} 11 O. !:,:)4 
~O ·6~.39 0.0'5 ~1.5 1.O\) -'7~.O£ lO.SS 10 0111400 

---" ____ ~._ .... ___ ... ~ .... """' .......... <40:._. __ -____ ........ 101<'''_,_.''''''''''''''' .......... " ................ , ___ , ... --.._._.,...."..~.~._ ....... ____ ....-.--..' ____ ,,. .. _,_. " _ ... _____ _ 

'-. 
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r- Table 16 c. ~lell 12, 
~ 

't~1 - 5.~;'~ ;t;. lOG 

Date 
193B 

.Tune 6 
9 

10 
11 
12 
1:3 
14 
15 
16 
17 
16 
19 
20 
Pi 
~ 

~ 
~4 
r5 
26 
";1 
28 
29 
50 

Altitlll1e ot ... -- ,. • '"Aflliutfeot - ·----TI;~e-mnce 
wnt@r 11\lV01 ,,~ter level, nht.:J"'lGa in 
Inteflt t Tim to. te~t. nr:;l:1n.'town, rf>te or 

P.t a n .. m., -)} z t' -t' A 'l; i'rom s~9(}nd -7. f , ptw;plng, 
dntnm renn in df'lY's linb t,;f in te~t t' , 
~~ }e~r-}.... , u ..... __ ~.,11"ve it! .~'!?lf" 

-4.f3 .f)l 
-50.4:: )..'in 0.5 0.96 
-OP.OO 1.59 1.5 ~.31 

-55 .. 19 1.19 f'.5 2.98 
-54.14 O.n5 3.5 ~:~.3;S 

-54.9f 0 .. 78 4.5 ~).51 

-55.59 0:.e.7 5.5 ~J .. 69 
-ee.l~~ O.t'J4 6 .. 5 3.51 
.. 56.61 0.43 1.5 :'5.60 
-57.01 0.40 8.5 5.4-0 
-57 .~na 0.:51 9.5 2.95 
-57.!56 O.M 10.5 2.5ta 
-57.7'7 0.21 11.5 2.42 -51.'17 0 0 
-5'1.95 0.18 1~.5 .~~:.r.& -59.53 1.58 1 
-58.11 0.16 lZ.~ !:;",13 ... 61.'19 3.6n 2 
-69.25 0.14 14.5 f::.tll -8:5.6:1 5.1:a :) 

-5S.~.~7 0.12 15.5 1.~1 -fS4.g1 6 .. 54 4: 
-58.48 0.11 16.5 I.Sa -56.00 7.5~ 5 
-00.59 0.10 1'1.5 1 .. 74- -GG.91 8.33 6 
-00.57 0.00 10.5 1.56 -G'i.GS S.f!6 7 
-1)8.75 !).0t3 1~.5 l.fj.9 -68.2:"5 0.48 a 
-68.92 0.07 ro.5 1.53 .. t'm.?2 9.90 9 
-00.89 0.07 21.5 1.41 -&9 .. 12 lO.t.S 10 

-~-, 

t~, 

' .. ; 
, t" .., 

r'''/t' 

~ c; 5 •. ,4 x 10 
~.67 
1. '700 
1.3~5 

l·OE9 
0.890 
0.753 
O.6Ga 
0.594 
0.534 ,. 
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Dnto 
1930 

Ta.ble 16 d. 

in fe,at, 
8.t 9 t.. t:J., 
<:! n tun; 7",8l'1,n 

., 
Well 13, r~ ~ 

-_6 ~ 
Tim 
t' 

tl 
;5~69 x 10 

-t'~z 
In dQy$ 

water ,leva"!.. 
,in teet, 

i'l'olli l!!'iocond 
lil1W of 

Drr,.,;;dawn. 
-~t' t 

in toet 

'Tir: (; since 
chanGe in 
r~te of' 
pur::::p1ng. 

tf, 

r2/t' 

~aa level etlrve in dl">Ys _______ .;....~....;_.,; .. _'_ ____ .'..,011 " ......... _. ,., .. ~ b , ..... _~_-.-..._,.. __ . ~,_ .. _ .. ~,... __ ""'""'~_ ....... ___ ... ,;..~_. ______ _ 

.Tun9 a -49.,215 
9 -5:' ,,()4, 2.18 

:0 -5~'.81 1.77 
11 -55.0t3 "t .(t:..; 

...!~ • ,i: ,~~ ... 

12 -5C.07 ~ (1'1 
...:.. .. ~"{ .. ~ 

13- -56.31 0.17 
H: -57 .~41 0.61 
15 -51.04 o.t~:, 

lG -51'1.·1-8 0.44 
17 -t)$3.8:' n .. 4:;~ 
19 -~t?12 O.2P 
l? -~9.5'S O.?:6 
::0 -69. {t,). O.2~~ 

~1 -59 .. 91 0 .. $ 
... ., .. "" -5v.99 O.lS 
~~~ -60.15 C.lt) 

{').6 

I.Ci 
r"; t't 
te .• '!:..1 

~~.5 

-1:.5 
5.5 
5.5 
7.f> 
2.r: 
~.f} 

10.5 
11.5 
12.5 
1~.5 
11.5 

1.09 
2.GG 
3.13 
3.54 
3.47 
3.69 
;:: .. 4U 
3.20 
:,~.o6 

2.76 
~.73 
,~~.55 

2.~ 

2.41 
2.32 

-3;;;:.01 
-61.f3'1 
-f'0~eO 
-G5.48 

o 
1.ac 
3.6:1. 
~' a('~ 0.· .. , ... 

__________ ~_f._~_,.,~ ...... _,._ . ___ .... , .... _ .... ,_ .. ~----.._.,.._, ___ ... ,~_' 

o 
1 
'" ,r.:. 

~) 

.. 
3.f$~ x lOu 
1.ti45 
l.;~ 
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Table 16 e. Well 14. r2 
6 = 8.58 :It 10 

_______ ' •• _ t.. ___ _, ________ _ 

Date 
1938 

Al ti tude of }tl t1 tude of Time e inca 
wnter level Tuna wnter level, Drawl1vwn, change in 

in feet., -,Dz t' _ttAz in feet, -z'. rate or 
at 8 a.m.. 1n dnys from second in feet IJ\.rmp1ne. 
da~~m mpnn limb of t't 
eee. level ourve in (laye 

------------------------------,---------------------------
June 9 

9 
10 
11 
12 
13 
14 
15 
15 
17 
18 
1" , i::~ 

ro 
£1 
22 
2~~ 

2A 
25 
::'6 
27 
f8 
29 
::>0 

-39,93 
-40.59 
-41.E{) 
-42.~)9 

-4:3.17 
--1~~.84 

-,H.4-1 
-44491 
-45.39 
-45.01 
-45.1'3 
-46.00 
-46.77 
-47.(11 
-47.22 
-47.41 
-47.58 
-4'7.73 
-47.fW 
-48.00 
-408.12 
-48.::3 
-48.33 

0.06 
0.91 
0.09 
0.'16 
O.t)? 
().r.j7 

0.50 
0.48 
0.42 
0.36 
o.!:n 
0.?7 
O.g 
0.21 
0.19 
0.1'7 
0.15 
0.14 
0.13 
0.12 
0.11 
0.10 

0.5 
1.6 
2.5 
3.5 
4.5 
5.5 
e.5 
7.U 
8.5 
g.n 

10.5 
ll.5 
12.5 
13.5 
14.5 
15.5 
l6.5 
1" .5 
18.5 
19.5 
m.6 
21.5 

0 .. 33 
1.~17 
:~. :?3 
2.73 
3.02 
3.14 
3.26 
3.60 
3.51 
3.01 
3.26 
3.11 
n.97 
2.85 
~:.74 
['.eB 
};.57 
2.00 
}~.43 

2.37 
2.30 
2.2:3 

-46.77 
-47.45 
,-48.e,~ 

... 49.80 
-51.00 
-52.01 
-n~.~H? 

-5~S. 70 
... 54.39 
... 54.95 
-55.44 

o 
0.44 
1.4r: 
2.4t) 
2:.4P 
4.28 
5.05 
E'.70 
6.['.7 
{).72 
7.11 

o 
1 
2 
:3 
4-
5 
6 
7 
8 
9 

1.0 

J'2/tt 

" 

- G 
8.58 x 10 
4.29 
r.8S 
2.145 
1.716 
1.400 
l.?r'a 
1.072 
O.95!) 
0.850 

------... ---, ... ---,--.. ---------.-~----" ........ -~ .... --.-.... '"-.. ---... "'.-.-,----"---.. --....... ,-...... , ... ---.~----.------



Tnblea 17 a. b. 0, em d give!l values of zl'l and r2/t" for wells 10. 

11. 12, and 14 for the third period of the teat. These data are p1ott.ad 

logari tht:lien.lly in figure 17. From the beat 1'1 t of the severul. curves to 

the tone curve, the values at T and S 88 glven in table 17, were computed. 

The val.ue of Ll·iz usoC. in making the canputat10ns 1s 774-700 • 74 gallons 

per minute. It 1s th.e difference between the aVerage pumping rate during the 

thIrd period and the effective average during the second period. 

Because of the gradual increase in pumping rate during the third period 

of the teat, the observed part1al reeovery continued to be less than it would 

llQYe bean bad the punping rate durIng that period been mointained at 1 ts 

tn1 tiel T81ue. Thus the corrected parttal recov8l'1 curves shown in figure 17 

have greater curvature t.htm the type curve, the d1ffel'0nce baing even more 

pronounced than in figure 16. 

! 

75 
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~lY: 

"1 
!r 

;;J 
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17." ... .. .. . ...\ \ . 
'l"ablo. jot~rmination of o'Jiiti'fi;:i<'lot:.> 01.'. tra:l:J;:;rl,::l~ioilit.1iJ.nd 
lit.o('9;ge. by mi)d~!l<)J.~r'.J;:).hi,al l..~\itt. ",h. thi .. ';~ pitriQooi! t.fJBt·:JU 
\IlI$.llla.~! ~r;.)tlp /~ t J U.U$ ,JO t u JIlly: U.t loJ Jd 

..• ~ 1.1. 
') . 

l'''it~ 
(dCD;~) 

~ (I" ,(",al J 
.,;o$£rT
lJiDntot 
tr-anil'!" 
missi::'U;- . 

'. ":c~ri'i" 
C1,ont of 
, If:l'.or:t.ge . .s 

... . . .. . Uv , .. 
• ~~~~--~----,.....-.-~"------ ....... ---~- j ... ., ~ •• -~--"""--"---" 

2.6' X 10-4 
2.53 l.O!h~hl 

u. .".3] 
J.i O.qo 
l;4Q.,S-S 

:v!!tr.' 

1.. !.:/7 
)..).2 

3.68 
~j';J.... 

(0.32 
0.55 
l).ll5 
O~l55 

o.g, 
0.50 
, I'A 
,l..'~ 

1..4'3 

.3.91.0 
1.eOO 
lJ~lO 
4,470 

4 .. 020 

2.67 
1.13Y 

2 ~. . 1~·4 
.~~~ w 

_ .. '-- ~ -....... """"'--.,--..-;....~~- ..,. '. . """ ... -~.~ .. ~-"---..... -

! 

:.:;. 
~ .-. . .~ : ~ .: . . ;"'".~ -/. i' .;;. .... -:".,':: .. 
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Table. 17 a,e Well 10, r2 .~. . 4.4gx:l!l~ 
~_~ .. _"~~_ "6 ." '""... ~"""., • 

. .. ·AltJttl~or.,' ',Altttu'd'e 'f:!f 
W'~tlt!r~~l~Tel." 'l'irne. water 1~V9.l" ." .. 

Dat'e .in :feet, . -.t;I4 Z 't' ~i'f ~z 111t'l\!!et, .. ' .. 
fle'cnVer,y. 

. z..t. . 
1938 tit n8~!1:l;. t' in d,fIJ"8 .'" f~tiit..~1..rtl 

'dritttt:!t.:reen ./ li1J1b ·ftt· 
inr(t~, 

_" ..... '" >~~ffleve:l;. 

jun~'20 -6i.l~ 
21 -a3.07 1.94 0.5 0 .. 97 
21l ':';'85~M 2.21 1.t'I 3.41 
~3 -e7 •. 03 1.59 2 .. 6 4.23 
24 ·6S.S0 1.;'::7 5.5 4.45 
25" ,-~9'.~5 1 .. 00 ~4.5 4.13 
~6 ' '::?O~~4 0.$9 5.5 4.~O 
21 -70,.0;) Q .. 69 6~5 4.49 
2s -'71.47 0 .. 54 7.5 4 .. {)5. 
20 -'l.i.97 0.50 a.5 4.25 
30 ~7,~'.41 0.44 ~.5 4.18 fit} -72.4" 0 

July 1 / ;..7t:.78 O.~7 10.5 3.65 ... '71.90 O.~3S 
2 -n~ll ,0 .• 35 11.·5, 5 ... 75 -11.15 1.1iI8 
3 -73.40. 0.29 :1;.2.5 

,..~ '. ·5 .. tM5 ,-10 .. 57· 2~a", 

4- .. -13~~& 0.1'G 'l~)/.B :;; •. $ .-70.1,13 3,.48 
.~ . .... '. -7~.90 . 0.24 14 .• 5 Z.4S :,-70.01 ~.a(l 

6 -74.12 (':l.B! l~.e 3.40 ... &9.94 . 4.1S. 
7 ... 74.32 .0.20 16.5 !5.M .... €ig.~2· 4 . .;.40·. 
8 . -74.51 O.ll?, 1'1 .• 5 3 .. :za -t'!i§'4.95 ·4>·.~·58 
9. -"4.68 Q."l1 ·lS.n 5.1m -G9 .. G.4 4.74 

10· ·~74.M. 0 .. 1$ 19.5 3.14. -6g.~ 4.89 
11 -"l4.9g 0.15 00 .. 5 5.,00 .~&O .. ~$. 5.0~ 

T.tlr:.e .• ~ --

0 

0.875 
t.B75< 
flioB15 
3.8<15 
4.875 
5.875 
G .. S15 
7.815 
S.B?!> 
!?H75 
i04~75 

'i'j 

'Cc./t'" 

··,6 
5.1t~x 10 
2.:';\l 
1,. .. e6 
1 •. !e 
0.920 . 
O •. ?M 
..O.6~~ 
'O"'S'lO 
0.500' 
0.#35·" 
0.415" 

- .' \ . " 

______ ... ,.:.......:- ..... ~~._. _._. ___ ~~,_ ........ ~ .......... <'."....,., ..... , 101 4' ' .... _~_ .. _. • .. ~'""""I ............... ~.... • ~ • ..,.,...~~~.,. ... """"':"_" ............... ~~..,_,.,.":"-'.., .. "'" .... ~_~_ ...... ,.~~ 

a) ' .. ~tll a .. m. 

'"£' 
,:I 

~ ?"" . .,."-. 

'J. 

I 

i 
:~ 

,-

." 

.k 
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'. . ,. j .':?' . . . .. '. . . .~ .. WeL. L. r': 4.00 x 1.0 ' 
. Table 17 b. 

---''''''---- 'Al'iit-ade of Alii tuao of Tb~f!l mH~ 
"'!iter Iml, 'rhno wmtv l«'h!l. !lhtm~' in 

Dt').te 111' te<rt. -d z t' ."4 Z . inteflt, n~GVm"Y, r~t$ot .". It." 
]938 !<it .aa.~.·, indqa t~ ,\Uri ~"., .p~ltlR. 

(t6.ttmf !r~um Umb Of·, 1nffte:t . t". 
", t6a.le~1 . ..' ~. . . ". i~ ~.ye '. _ _ _ ,, __ .......... _ ...... ~_ ........ ~~ ~;Io,,";, , _.....-,' ....... _-~_ . ,.,.~:~f\,. '< /O_"'\-.~'''~''' _____ '''''_''''''''_' __ ~~~'~ __ -'''"' .. __ -,.., 

June to -61.49 
£1 -63.51 2.02 o.t5 1.01 
22 "i!5.1r~ 2.,.27 1.5 ~S.41 
';:3 -G, ..... ~ 1.70 . 2.ij 41125 
!4 .;.t)g.7fl - 1.:!O . ;3.5 4 .. 55 
25 .. -$9.1'3'1 1..00 4.5- 4c.gl 
26 ..;10.75 Q.~'9 n.li ".?O 

" 27 -'71.48 O.?'P 6.15 4.ta 
H3 -72.07 o.e'1it 1 ... 6 4.4~ 
gtl> -1~ .. 57 0.50 a.a 4.$ 
50 -73.0~ 0.45 ~.5 4 .. 33 -73.00 0 0 

.July 1 ,~'l3.40 0.$ 10.5 3 .. t6 ... 72.55 f),rBt> 0.8'75 
~ 

. 5.49 .. x 10 
2 .' " .:"73.14 0 • .34 11.3 5.81 -'71.19 .1.95 , 1.S75 ~.ea ' , 

:5 ... 14~f.)4 0.30 ' l~.f.j !3.?6 . -71.~ l~ .. 7~ .• 2 . .-·075· . 1.~70 
4- -14.31 0.2"7 . 13.6 3.e9- -?O.9ll ·.5;t~~ 3 .. 875 1.,f!4Q 
5 -14.tH~ o.~ 14 .. 5 '3.6+ ~10.14 5.e~ 4 .. ~"15 o .. soo 
G -'1'.7~ 0.23 15 •. 5 . $~S3 -10 •. '70 4,.09 tj .. f575 0.818 
? .75.00 O",l11 16 • .5 5.47 -71) .. 71 .4.~9 6.a7:5 O .• ($'~9 ' 
a . .;..15 .. l9 O.lg 1.".3 3 .. 39 ... 'G.?! 4.47 7.815 0.610 
o· ",. "'715.37 0.18 IS.€) 3 ""2 ~ .~ -fO.11! 4,65 a.875 o.f'J4i 

10 -"1'5 .. ('4 0.17 la.£i 3.,00 . , •• .1£) .. 73 4.81 ~.:Sf5 0,.4-96 
11 ~75.10 (,}.16 ~;O.5 3.<·.~::O .. '10.12> ~ ... ')1 10·.S:1tl 0 .. 441 

a) @t ll.tl.r', • 

.f _0 
.,~ j' .~' 

;~ --;;i'-

. i 



c: 
CO 

" ',," 
~ "-,"/ 
I 
I ~ 

! ' 

I 

I 
! 

i 

I' 
I ~ 

_1 

lfell1J, .0. w<ui 12 .,~ ~2:$,.34. :It 10-& 

~ D".,te 
lQ3S 

, . 
_Altltude~ot 

wa'ter.1GTel ~~. ~...Tl_ - - 9'a..tor le'rt11, noc~. eh,~1e tn. 
. 1n.t~et~ ': ,!""A z .. ii' - ';'t'.As tn .refit. -~"Jre~te ·Of .. ',' . ~~ .. ~ ~."""--~ ~ 
~t9'tl.m., 1ndlt~ ft.'O~.th1~ lB. f:eet .jpJmill~t 
aathn:! .J!'~ U:mb £'Jt. t"'; -

'-'I ,~ rj;; t" 

.;...--..---"-~___ i :.eMloul ,_, .......... _. __ .... ~~---:~~" .. ~:""' ... .,;.,. .1},}~tt ... :~:-..~ 

June··ro -57.7' ~ 
21 ';'59.0.."5 1.76 0.£1 0*00 ~ ~ 

2-'1 ... e1.79 2.,26 1..5 ~ ~;'.!j9 

'f'3~ ..;6;3';0:.'-) 1.'74 .~ 2~.5 4.:$1$ 
E-4 "'M.01 l.SS ::S.5 4.03 
P'U .. 6G.OQ 1.{}~ 4.5 . 4.~1 
f?5 :-,06.91 o~1n 1$.5. ~ 5.01 
21," .,.,e7.63 {).72 6.5- 4 .. Gi3 ,,, 

!:JS ~&a.23 . 0.60 ~ 7.$ ~ . 4.00 
:?9 - ,"·-&8 .;1.2- O.4~ 8.5 4.1te 
30 -~9.11? 1J.4C 9~.5 3.00 a) ... ~9.1a 0 0 

July- 1 ~.~~ ~ ,-69.4:7 ·O .. ~~5 10 •. $ ~3"e' 4·a8.7lll O~GS r).~W5 

2 ';':'~9.78 O.~U ~ 11.5 ~'~ a __ 6l- -is.l! l.e6. 1.875 . ~.M. 
:3 .~70.05 . O.~7 It;.5 ~.~9 ,~ ... 07.61 2 .• 44 :J~ .. H'15 ~·l.£m5 
4. ~:...70 .. !!Q O.M 13,.5 5 •. 'fO .. 6,'.~. 
5 ~7d .. t)1 o.~ 14.5 5.l8 ... B'7.12 

;5.{)1 ~3.a75 1.-577 
:.'li.Zii~ 41 .• 8:'15 . 1.004 

8 -ro.11 O.ro 15.5 5.10 -e7 cOG ., .. "O.~ 0.18 . 16.5 S.05 -67.03 
5.:65 /5.675 . ,C.g09 
5 .. 00 6 .• 875~ 0.176-

a ~71.00 O~J.7 1'1.5 ~ ~ .)1$ ",'61~04 4i:.QB 7 .. 816 0-.678 
9 ..:71~2:f 0 .. 16, la.5 ~ .. ~ .. 92 -G7.0.6 4 .. 1"1 Bi.875 {).601 

10 -~11-,3'l 0.15 1?5~ ~.S'7 -6'7.05 4.~:Z 9.$75 O~fi40 
u- -71.~1 0.14. 20.6 2.81 .-67;05 4.46 10.675 () .. 4~O 

~~. 

- ~ 

a} sit llo..hl. 

" j ';f ,~-- /, 

jL --=:) ~~; 

. ~ 
~~ , 

-,\" 

1;';-, 
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rl 
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''rebl:e 17d. '&.11. 14.r2:'8.~ xlQ$ 

J)$te 
Ji'i3tt 

!"l~lt1tdo 'Or 
;wate-r'level . 

in feet, -AZ 
:T:bne 

'.' !:n,dey. 
.. t'A$ 

----;:;: 

. !l:ttltl1(ie <4 
-ftte~ 18.,.lt 

10 .. fe:&t" 
f~'thlrd 

lit'!'lb of' 

I 

Re¢oveI'1' 
!/"., .'. 

111 f:Qf)t ' 

Time e·ince:' 
eh~~01n 
ratoot 
-;:iU'l.rih ir..n: J : J(, ~,:r, ,', 

r2/t.h 

t"; 
&10 .... og.:'.w~ _iii .~.. "l' .f,.. ,"i .. ,~~)'o";-__ .'~ ~~e .... ~ ___ .t~_ ..... ~ ___ :~,~.··· ,in 'i~~'~,, __ ~.;;,,-,-__ ~._. -! 

··'June eo ~t..~'l 
'21 .... 7.45 O~6a 
22 -&6.64 1.19 
£3: .~g.aG 1.221 

r4 ..... ;"51.00 1 .. 14' 
.efr· ..... 5E.~n· 1.0'1 
~~ , ". 5" \1';' ",' ~.-~, - 0.91 
27' .~5~.7{) 0.79 
f$ --M~~9 0.69 
29 .. 4';4.95 o.ee 
ZO -55.44 0.49 

.July 1 -55.66 O.4f? 
2 -OO •. f!3· 0.3'1 
:3 ";!j~ .. 5e 0.33 
4 ... 56.~U3. 0.50 
Ii ,..57.15 o .. f::r 
6· .•. . -67.~11l O.~5··· 

7 '-57.51 O.·!3 
8 .•.. '::51.82 o;.~n 

9 -68.01L··· 0.20 
·>10 -6fJ:.lEl ,0.19 

11 -OO.~g . 0.18 
- .. <~, .----.-.. .,..... .•• .,...,.-~--~ 

a):" nt 11 a.m. 

-. "2.... )3..c-; 

0.5 0.:54 
1.5 1.79 
:a.f). f,i.,05 
5.5 5.99 
4.5 . 4 .. ~5 
5';5 5.0.1 
6.5 . fJ.O'1 
7.5 5.18 
8.5 4.76 
~.5 4.GG fl) -00.50 

10.S 4.40 ... ~5 .. 02 
11.5 4.26 -LilS.SO 
IP.5 4 .. 12 .Dt}.60 
15.5 4.00 .... ~.45 
14.5. ~.9! "'~';34 
16.f. ".",.j:i5.a3 ... 55~~'( 
1(;.5 . :3."16 .. 5~.~ 
1'1.5 :3 .. ,. 

. I" . 

-55.26. 
Hh5 ;~.~a .:,..i.5~.~() 

19.5 3 .. ~ ... !)f.j.~l 

2().5 5.59 -00.3$ 

"-..). 

';-r 

(} 

(l .. 0l 
0 .. 4$ 
O~~J& 
1.41.' 
1.7.~ 

1$ .. 11 
2.36 

·2 ... 54- ./ 

f.:.'2 
£ .. ~O 
3.0G 

(,) 

O.S?:5 
1 .. g75 
2 •. 9.15 . 

6: 9 •. 80 x 10 
4.61 
2.95 

!,}.B7!P:.fl 
4.871)" 1.1GO 
:5 .• 876 . 1.460 
O.~7S 1.1;413 
'i' .~J7tr l.J)S9< 
a.a1~ .(T.9t3, 
9.S'll) 'O ... $&~ 

10.1315 0.190 

'" 

,~, 

'''-.. 

''§. 

.. ' 

-~ 

1 
1 



!~, - ' . --- -- ... ~,---, ~-::-- ~--.~- ----._-.- ----.- -------.-------,---

~":'f 

\l 

'oJ 

t ~ , 

';I~ 

:\~ .. 

,,', 

!,oJ. 

" 

rl 

Deteminnt10n ot coe:f':f'1cient ot storage by meaBtll"'OtlOnt of 

mex1tmt:1 Ohange innte ot decline or recoveryot water levels. 
,) 

The equation developed by Theia giving the drawdo~ at any point and at aw 

time ~ 'a well that 1s pumped at a un1t01"!.nrate from ahomor,eneous aquIfer 

of constant thlclaless andln:t1ni to areal, extent, affords abasia tOf.' the deter

mination of the coetf'lcient ot toraruIniasibi11 ty by measurement ot the ma:rtmt.ztn 
change in the ;rate 01" liecline or reco'ftJl"J ot water levels. ' The equation is as 

tollows: ~. ll~.OO I: (·u-
U

) du Where the symbols, have th.~ smr.e 

me81l1ng af) previously. 

,It, can be ahown that as a consequence at this relationship, the follow1ng 

equation ,holda, provided th~e ,l,?8l1 1nstan. teneous change (A Q) in' the" re. to of 
,22.04 q'~' , ,,' ",',' , ' 

pumping: $. r?3 ~ (B ); '» Whef.'e ak 1s measured tn teet a day, and where 
, '" ~t max. at ' 

",oJ, lain gallons am1nute,BS before. 

Table 18 gives values ot the coeff'iCient tlfstorage determined in ·this manner 

from the maXimum ~herige 1n tho rate ot decline of water level~ during the second 

period of the test an ",41118 o't group I. The max1.mu.tu change in rate ot decline 
<-~~ , 

ilJ taken as the difference between the maxtlnum slope of the second 11mb of apt'll"-

t1culei" drs"down curve and the slope ot the extrfLpolated portion of the :f'1f.'8t 

limb of the some curve. The latter 14 g1von in the tourtb colwnn ofth~ tabla 

heed$d "odrrection (t't/day)". Table 19 gives values for the coeffioient df 

storage that are sim1la;oly cOOlputed frr.llll the mex1mum rate of' recovery of water 

levels during the third period ot the test ot wells of group I. 

As the i'n8x1mmn change in ro.teof decline or recovery in fourot' the five 
, , 

" observation wells occurred within sbout a day of the time when .th6~ in the 

rate of pumping occurred,the change1n pumping rate (6,Q) was taken as the dif' ... 

tereneebetw80llthe average pumpsgel'f;1teduri.:ng tho rirst day of the given 

per1o~ and the ettect1:ve average for the ~ed1ng period. 
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Table 18. Determinat19n qt coefficient of 'storage from ~~nlUU1 eh~'e - - . -

" i 
in rate or.4e~1neot water;t.evels~r1,ng .seco~dpet~lodot 

Wf)t& 
.... 

'Nell :J:'. 

. ·6 104.49 xl0 
1: 4.80 
1: 5.34 
15 3.69 
liB.58 

}..~. 

1\i~' 
olope'of 
sfJcondlUlb ~ 
.of 'curve 
tr~ldal) 

-2.58 
-2.64. 
.... 2.41 
-2.46 
... 1.25 

" 

'Correc-' 
't1on 

(Pt/ds1) 

.. 0.14 

... 0.15 

.0.18 
, -0.20 
:,,"0.24 

,Maximum. cb~geCoel'1'1cl"nt 
l.n,' .'~,' '!ip.,.otdeCl1te .. or- .. 

" \ttl day) st()1'6gtt 

2.44 
2.49 
2.23 
2.26 
1.01 

S 

5.44 X 10""4 
4.ga 
5.00 
7.;14 
G.85 

5.00'x 104 

b)1e 19 •. DGterm1nat1onoteoefflcientQt 8t0l'8.ge from'r4WC1lmlin change in 

rataotl"eC()~ of water levels durillgthird pertod aftest 

H.ll 

'-
10 
11 
12. 
1~ 

,14. 

Jtter. 

on wellaoteroupl. 

r' 

~.eo 
5.54 
3,.69 
a.~s 

Maximum 
Slope 'ot 
tbi~ 11mb 
at c~ 
( ttl day) 

0.96 
0.88. 
0.72 

0.28 

! 

Ma,ximum change 
I't_ ·in rat,- ot deQ1ine 
vv1'rCC"I" ' .. \ f'tldaYJ 

'. CQ(ttf'1C1ent 
ot 

storage 
tion 

ttt/dey) 
. .-.. 

-0.37 
·.o.().38 
-0.35 

.... O.4Z 

.' 

J.~3 

1.26 
,1.07 

0.'10, 

.8. 

4.20.% '10-4 
. 4.15' 
.4.40 

.... 
4.19 

4.24 x 10-4 
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Accordingly the value~ o~ Jl~Are p.~ tallows: . 

For the second period: 
~. q. • ,( 007-(44) - 263. 

, . 

For the thlrd,parlod.: 
.AQ. • t77~63). lU. 

, The B"fer8gt3 vnlue of' the coefficient of'storage as determined !'rom .the 

computat1onsbnsed.on the pum:ptng of the we11sof'group I 1s 5.88> %10-4 tor 

the seeond p~riod and 4..34' x 10-4 for the th1rd penod. 

S~$ry of. de~nat1onsor 

coefficients ot ~1_1bU1tY' QIldstorage .. 
. . 

Th. following table l!JU.llJ.nat1zes the detemUuiUoD,8 at coefficients of 

~stdSSib11.I1;y al'ld storBgOresult:tngtrom the applIcation otthe vat-io\lS 

methods. The signifIcance ot the coeffIcients ns determ1nedby thadl:f'farent 

r~ . ~thOds 1s d1se~sHd on pages JC; ... 'f ~ • 

i:l 

- ., '~'. , .. 

Table 9 Su:rt%l1sr,sr ot determilU\\t1ons o'tcQettlclents of transedssibll1 tsr 
and storage by Tariousmethods,. 

PUmping 
test on: 

WellU 

Group I 

Method 

. Thiem , 
Theis recover,. 
Gra.plllcal' 

Thiem 
\ 

PeilOd 
or 

teat 

II 
III 

Gr8.phical II 
III 

¥e.xiInlun . slope II 
III . 

Coefficient-of 
.tranan1ssi bUtty 

T' 

2,310 
1,770 
2;590 

1,130 
1,980 

4,210 
4,()20 

......... -

coettioient 
o~storage 

s --4.42 x 10-4 

....... 
~--

5.76 X 10-4 
2.9.5 x ltr-'l: 

·5.88 x 10-4 
4.24 -x 10-4 . 

~------~--~~~--~------------------------------------------~--t 
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